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i. 0 Scope This specification delineates performance, design and

test requirements for the Apollo Program as defined by the Apollo

Program Development Plan (PDP), NPC C500.

The body of the specification applies to the Apollo Program equip-

ment to be provided for the lunar landing mission and the operational

version of the Saturn IB launch vehicle with their associated launch

facilities. A description of this equipment is contained in Section 9 of

the Apollo Program Development Plan, NPC C500.

The appendices to the body of the specification delineate the per-

formance, design and test requirements as they apply to Apollo Program

equipment to be used on individual missions specified in M-D _,_ 500-!!,

Apollo Flight Mission Assignments. Theserequirements are delineated

by identifying the changes to requirements stated in the body of the

specification.

1.1 Applicability All requirements specified herein shall be reflected

in subsidiary specifications of the Apollo Program.

1.2 Change Approval Changes shall be submitted in accordance with

Exhibit VIII of the Apollo Configuration Management Manual,

NPC 500-1.
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2.0 Applicable Documents The following documents form a part of

this specification and are applicable without change.

NHB 5300.1

October, 1965

M-DE 8020. 008B

April, 1965

MIM 7000. 029

June 2, 1964

NPC C500

January 15, 1965

NPC 500-10

May 20, 1964

M-D MA 500-11 (SE 010-000-1)

September 10, 1965

SE 008-001-1

June, 1965

Apollo Reliability and Quality

Assurance Program Plan

Natural Environment and

Physical Standards for the

Apollo Program

MSF Instruction to MSC:

Biomedical Data Requirements

Apollo Program Development

Plan

Apollo Test Requirements

Apollo Flight Mission

As signments

Apollo Inter-Center Control

Document Log (published

monthly)

Project Apollo Coordinate

System Standards

The following documents are applicable to the extent specified

herein.

Webb-McNamara Agreement

January 17, 1963

Agreement between the Depart-

ment of Defense and the

National Aeronautics and

Space Administration regarding

management of the Atlantic

Missile Range of DoD and the

Merritt Island Launch Area of

NASA
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NPC 500-1

May 18, 1964

M-DE 8000.006 (CM 018-001-1)

June l, 1963

Specifications

MIL-D-70327

March 27, 1962

MIL-E-6051C

MIL-I-26600

May 9, 1960

MIL-I-6181D

June 1, 1962

Apollo Configuration Manage-

ment Manual

OMSF Directive, Mass Proper-

ties Standards

Drawings, Engineering and

As sociated Lists

Electrical-Electronic System

Compatibility and Interference

Control Requirements for

Aeronautical Weapon Systems,

Associated Subsystems, and

Aircraft

Interference Control Require-

ments, Aeronautical

Equipment

Interference _,,_._._*_I Require-

ments, Aircraft Equipment
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3.0 Requirements

3.1 Performance

3.1.1 Characteristics

3.1.1.1 General The Apollo Program is a focal point of the national

space program, the objective of which is to demonstrate and

maintain preeminence in space and space technology. The objective of

the Apollo Program is to carry out manned expeditions to the Moon for

the purpose of conducting scientific exploration on the lunar surface.

It is intended that the information and technology developed by the Apollo

Program shall provide the foundation for extensive planetary exploration,

for further lunar exploration and for extended Earth orbital activities.

Apollo lunar landing missions shall not be attempted until in-

flight and lunar surface environmental information essential for design

verification has been obtained.

The primary considerations which must be weighed in the

design and implementation of the Apollo system are listed below in order

of decreasing priority.

(a) Crew Safety and Mission Success Crew safety and mission

success shall be the primary considerations in the design of

the system. Grew safety is defined as the safe return of all crew mem-

bers whether or not the mission is completed. Mission success is de-

fined as the safe return of all crew members after a lunar landing.

(b) Schedule Accomplishment of a manned lunar landing mission

as early as possible, but before the end of 1969, is a national

objective. Design approaches and decisions shall be made in recogni-

tion of this objective but not at the expense of confidence in crew safety

or mission success.
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(c) Growth Potential Accommodations have been made in the de-

sign of Apollo equipment to provide growth potential where

such accommodations have not compromised crew safety, mission suc-

cess or the schedule of the primary mission. Additional requirements

for growth potential may be incorporated by changes to this specifica-

tion or by incorporation in the appendices.

3.1.1.2 Mission Performance

3.1.1.2.1 Mission Mode The Apollo mission shall be achieved

using the Lunar Orbit Rendezvous (LOR) mode. In this

mode, the Saturn V launch vehicle, consisting of an S-IC first stage,

an S-II second stage, an S-IVB third stage, and an Instrument Unit (IU)

shaliSaunch the spacecraft, propel it through an Earth parking orbit

phase and inject it into a lunar transfer trajectory. The spacecraft,

consisting of a Command Module (CM), a Service Module (SM) and a

Lunar Excursion Module (LEM) shall utilize the SM for propulsion after

injection and until attainment of a lunar parking orbit. Two of the three

crew members in the CM shall transfer to the LEM, which shall sepa-

rate from the Command/Service Module '.... _ ....................Ik.2OIVI) clIICl clesceIltl LO tile J.UllctI

surface. After lunar exploration, the two crew members shall ascend

in the LEM on a trajectory that shall permit rendezvous and docking

with the orbiting CSM. After the LEM crew has transferred to the CSM,

the LEM shall be jettisoned in lunar orbit. The CSM shall be returned

to the Earth by SM propulsion. The SM shall be jettisoned prior to

entry of the CM into the Earth's atmosphere. The CM shall be slowed

to a safe landing by aerodynamic braking and, during the final phases

of the landing sequence, by parachute.

3.1.1.2.2 Mission Command Primary command and decision making

shall be exercised by Earth-based personnel. The Manned

Space Flight Network (MSFN) shall be used for communication with the

space vehicle, including television, voice and data, and for tracking

209- 774 0 - 66 - 2
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of the space vehicle (the existing configuration of launch vehicle stages and

spacecraft modules at a given point in the mission) during the Apollo

mission. Independent of Earth-based support, the spacecraft crew shall

be provided with the capability of completing or aborting the mission.

3.1.1.2.3 Payload The Apollo space vehicle shall be capable of

landing two astronauts and a minimum of 250 pounds of

scientific payload on the Moon, and returning the astronauts and a

minimum of 80 pounds of scientific payload safely to Earth. This capa-

bility shall be provided on any day of the year and for any preselected

lunar landing site within the area generally described by _- 5 ° latitude

and-_45 ° longitude. Further, this capability shall be provided when

using a free return translunar trajectory whenever such is consistent

with the AV budget of Table 3.5-1.

3.1.1.2.4 Earth Launch The capability shall be provided for launch:

(a) on any one of three successive days each of which con-

tains at least one launch window of at least 2.5 hours duration, (b)

during day and night and (c) on any true azimuth between 072 ° and 108 ° .

3.1.1.2.5 Earth Parking Orbit The capability shall be provided for

performing the mission with a near-circular Earth orbit with

altitude between 85 and 105 nautical miles (nm).

3.1.1.2.6 Injection Opportunities Injection into a lunar transfer tra-

jectory shall occur no later than 4.5 hours after Earth orbit

insertion. The capability shall be provided for injection on either of

two successive Earth orbits.

3.1.1.2.7 Lunar Landing Accuracy The capability shall be provided

for landing the astronauts at a preselected landing point on

the lunar surface independent of lunar-based landing aids with a CEP

of 0.5 nm excluding hover capability. With landing aids the CEP shall

be 100 feet.
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3.1.1.2.8 Lunar Exploration The capability shall be provided for a

stay time of 35 hours on the lunar surface (see 3.5.1.16).

This capability shall be provided for either lunar day or lunar night

conditions as specified in the appropriate mission appendix to this

specification. The capability shall be provided to permit the astronauts

to explore the lunar surface for distances of approximately 0.5 nm from

the LEM, lunar terrain permitting.

3.1.1.2.9 Earth Landing The normal Earth landing mode shall be on

water. The capability for water and land landing shall be

as specified in 3.5.1.24. The capability shall be provided for return

..... • ._ -OL-L._ ........ 40ONof the crew and CM to a landing w, Lh.,_ .u^ ,_..,..,_.. 1-_+o of and

40°S at any prespecified area determined by recovery support recluire-

Recovery Recovery forces shall be provided which shall

have the capability for recovering the CM and crew after a

landing at locations specified in the appropriate mission operations plan.

3.1.2 Program Definition

3.1.2.1 Apollo Program Specification Tree The upper levels of the

program specification tree are shown in Figure 3.1-1.

3.1.2.2 Inter-Center Interface Control Documents Inter-Center Inter-

face Control Documents are coordinated among Centers by a

procedure established in 1.4.7 of the Apollo Program Development Plan,

NPC C500. These documents are identified in the current Apollo Inter-

Center Interface Control Document Log. These documents shall reflect

the requirements of this specification and shall control the more detailed

design requirements in their respective areas after approval by the

affected Centers.
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3.1.3 Operability

3. l. 3.1 Logistics This section contains logistic requirements as

they affect the design of equipment. Additional requirements

related to the Apollo Program Logistics Management System are con-

tained in Section 6 of the Apollo Program Development Plan NPC C500.

Logistics requirements must support the reliability requirements stated

in 3.1.3.3.

3.1.3.1.1 Maintainability Spece vehicles shall be designed so that

maintenance is not required in flight or on the lunar surface.

The design shall permit removal and replacement of "black boxes" during

the preflight phase without access to their interiors and with minimal

disturbance to the integrity of other assemblies. After replacement, the

equipment performance shall be at least equal to that of the initial

installation.

Items having the same functional and performance require-

ments shall be designed to be interchangeable wherever practicable.

Test points shall be provided in space vehicle subsystems

to permit fault isolation to the "black box" level. Ground Support Equip-

ment shall provide the capability for fault isolation in the space vehicle

to the "black box" level.

Ground maintenance capability, when combined with the

equipment reliability, shall provide the capability of meeting a launch

commitment with the reliability specified in 3.1.3.3.

3.1.3.1.2 Transportability The S-IB, S-IC and S-II stages shall be

capable of being transported by water and land. All other

flight equipment shall be designed to be transportable by water, land or

air. Instrumentation shall be provided to record those stresses en-

countered during transportation which could degrade equipment perform-

ance.
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Stages and modules shall be transportable in an assembled

form whenever practicable. Provisions shall be made for removal of

propellants, explosives and other hazardous materials prior to shipment.

3. i. 3. i. 3 Shelf Life The equipment design, packaging and storage

environment shall permit a shelf life of at least five years

wherever practicable.

3. i. 3.2 Safety All Apollo flight and ground equipment and facilities

shall be designed in accordance with the requirements set

forth in Section ii of the Apollo Program Development Plan, NPC C500.

Crew safety goals and design requirements are given in 3. i. 3.3. Addi-

4-.' _L,u,,al safety considerations related to the w_,_;........_,,_._ v_ w_'_+_"_ _

stages, modules and subsystems are contained in the appropriate

sections of this specification.

3.1.3.3 Reliability

3. i. 3.3.1 Equipment Reliability The numerical values of reliability

to be used as requirements for engineering design and as a

standard for evaluating test results are given in Table 3.1-2. They are

stated as the probability that the equipment will successfully perform

its function during the mission. They shall not preclude, however, the

taking of all practicable steps in the design of flight and ground equip-

ment, the planning of flight and ground tests, the formulation of mission

profiles and mission rules and the training of the crew and operating

personnel to insure mission success and crew safety. (Mission success

and crew safety are defined in 3. i. i. i.)

3. i. 3.3.2 Environmental Hazards The equipment for the lunar landing

mission shall be designed to cope with energetic particulate

radiation, micrometeoroids and unfavorable characteristics of the lunar

surface.

The reliability value of 0.99 shall be met or exceeded

for each of these hazards based on the models given in M-DE
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Phase

TABLE 3.1-2

EQUIPMENT RELIABILITY

Equipment
4

Success Probability

3

Preflight 1 Launch Vehicle 0.97

3
Spacecraft 0.98

Launch Complex and 0.95

Ground Support

Flight 2

Launch Vehicle

Spacecraft

S-IC 0.95

S-II 0.95

S-IVB 0.95

IU 0.99

C SM/LES 0.96

LEM/Adapter 0.98

Ground Support 0.99

.

.

o

4.

The preflight phase begins with the removal of the assembled

space vehicle from the Vertical Assembly Building (VAB) and ends

with liftoff within the scheduled periodof three consecutive days

as specified in 3.1.1.2.4.

The flight phase begins with space vehicle liftoff from the launch

pad and terminates with recovery of the crew and the CM.

Including vehicle-peculiar Ground Support Equipment.

Does not include effect of environment hazards as specified in

3.1.3.3.2.

CONFIDENTIAL
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8020. 008B, Natural Environment and Physical Standards for the Apollo

Program.

3.1.3.3.3 Crew Safety The numerical values for the probability of

crew safety that shall be met or exceeded in the engineer-

ing design are:

(a) 0.99 for the spacecraft and those elements of the launch com-

plex and ground system which support its operation,

(b) 0.99 for the launch vehicle and those elements of the launch

complex and ground equipment which support its operation.

It is expected that the crew safety probabilities will be

used mainly to estimate numerically a tradeoff between competing crew

safety and_ission success design requirements.

3.1.3.3.4 System Design Policy A primary policy governing the design

of the system is that wherever possible no single failure

shall cause the loss of any crew member, prevent the successful con-

tinuation of the mission, or in the event of a second failure in the same

area, prevent a successful abort of the mission.

In those areas in which performance and reliability require-

ments can be met by the use of established technology, the design shall

not be made dependent upon the development of new components or

techniques based on new art and technology.

3.1.3.3.5 Reliability Assurance Assurance as to the reliability of

each article required for the success or safety of a mission

will be mainly obtained by proper design qualification and inspection.

A primary policy governing design qualification for any given Apollo

mission is that, to the extent practicable, prior flight and/or ground

tests shall demonstrate that the system is capable of meeting mission

requirements. The design procedure will include documented analysis

of all failures observed in the test programs and the elimination of the

cause for all such failures. The test program will provide data so that
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an engineering appraisal can be made to determine that the design is

capable of meeting the reliability apportionment. See 4.0 - Quality

As surance.

3.2 Program Standards

3.2.1 Natural Environment and Physical Standards The natural

environment data that shall be used in the Apollo Program are

contained in Natural Environment and Physical Standards for the Apollo

Program, M-DE 8020.008B. Specific applications are called out in

other sections of this specification. The apportionment of design relia-

bility necessary to overcome environmental conditions is included in the

requirements of 3. i. 3.3.

Unless otherwise noted, a sea level gravitational acceleration

(g) of 980. 665 cm/sec 2 shall be used throughout this specification as a

reference of measurement.

3.2.2 Electromagnetic Interference Control All systems and sub-

systems of the Apollo Program shall be designed in accordance

with the requirements of MIL-E-6051G. Equipment in the systems and

subsystems shall be designed in accordance with the requirements of

MIL-I-26600 or MIL-I-6181D, as applicable. Modifications of these

specifications for use in the Apollo Program shall be approved by the

cognizant NASA Centers.

3.2.3 Drawings All drawings shall be prepared in accordance with

MIL-D-70327 and NASA Cover Sheet Specification for Draw-

ings, Engineering and Associated Lists, NASA A9204S001A dated

December 15, 1964.
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3.2.4 Configuration Management Configuration management pro-

cedures shall be as described in Section 5 of the Apollo Pro-

gram Development Plan, NPC C500.

3.2.5 Coordinate System Standards The Project Apollo Coordinate

System Standards, SE 008-001-1, contains the approved

coordinate system standards for the Apollo Program. These standards

shall be used throughout the Apollo Program.

3.3 Saturn IB Launch Vehicle

3.3.1 General The Saturn IB launch vehicle shall be composed of

two stages, S-IB and S-IVB (Saturn IB version), and an Instru-

ment Unit (IU), (Saturn IB version). The launch vehicle control

weights shall be as specified in Table i0. i-i, Appendix i0. i. The

S-IVB and IU (Saturn IB versions) shall be capable of maintaining attitude

control of the spacecraft for 4.5 hours in Earth orbit. Components of

the S-IVB and IU (Saturn IB versions) shall be identical with those of the

S-IVB and the IU (Saturn V versions) where practicable. In addition,

the S-IVB stage and the IU (Saturn IB versions) shall be capable of

meeting the requirements of this specification under the natural environ-

ment of terrestrial space as given in Section 3 of M-DE 8020. 008B.

3.3. i. 1 Payload The launch vehicle shall have the payload capa-

bility specified in Table i0. i-i of Appendix i0. i.

3.3.1.2 Standby Time The launch vehicle shall have the capability

to stand by in a loaded condition with propellant topping for

12 hours and still perform the mission.

3.3. i. 3 Prelaunch Checkout See 3.4. i. 3.

3.3.1.4 In-Flight Performance Evaluation See 3.4.1.4.

3.3. i. 5 Emergency Detection Subsystem See 3.4. i. 5.
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3.3.1.6

3.3.1.7

3.3.1.8

Instrumentation See 3.4.1.6.

Command Destruct See 3.4.1.7.

Electrical Power See 3.4.1.8.

3.3.2 Structure The launch vehicle structure shall be self-supporting

with the propellant containers pressurized or unpressurized.

Prelaunch Environment See 3.4.2.1.

Launch and Flight Environment See 3.4.2.2.

3.3.3 Propulsion

3.3.3.1 S-IB Stage

3.3.3.1.1 Main Propulsion Subsystem The main propulsion subsystem

shall consist of eight H-1 liquid-propellant rocket engines.

Four of these engines shall be gimbal-mounted for flight control pur-

poses.

3.3.3.1.1.1 Propellants The H-1 engines shall utilize liquid oxygen

and RP-1 as propellants.

3.3.3.1.1.2 Thrust Each H-1 engine shall provide a sea level thrust

of 205,000 _- 2000 pounds.

3.3.3.1.1.3 Specific Impulse Each H-1 engine shall provide a

nominal sea level specific impulse of 263 seconds. The

minimum sea level specific impulse shall be 260 seconds.

3.3.3.1.2 Retrorocket Subsytem The retrorocket subsystem, in con-

junction with the S-IVB stage ullage rockets, shall provide

the thrust for separation of the S-IB stage from the S-IVB stage. Failure

of one retrorocket shall not prevent separation.

3.3.3.2 S-IVB Stage

3.3.3.2.1 Main Propulsion Subsystem The main propulsion subsystem

shall consist of one J-2 engine gimbal-mounted for pitch

and yaw control.
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3.3.3.2.1.1 Propellants See 3.4.3.2.1.1.

3.3.3.2.1.2 Thrust Each ]'-2 engine shall provide a vacuum thrust of

200,000 :h 6000 pounds.

3.3.3.2.1.3 Specific Impulse See 3.4.3.2.1.3.

3.3.3.2.2 Auxiliary Propulsion Subsystem The auxiliary propulsion

subsystem shall provide thrust for roll control during powered

flight and attitude control about three axes during unpowered flight. The

auxiliary propulsion subsystem shall utilize nitrogen tetroxide and mono-

methylhydrazine as propellants.

3.3.3.2.3 Ullage Rocket Subsystem See 3.4.3.2.3.

3.3.4 Launch Vehicle Guidance, Navigation and Control

3.3.4.1 General The launch vehicle guidance, navigation and con-

trol system shall provide the guidance, navigation and control

functions which are required for the space vehicle from liftoff through

separation of the spacecraft from the launch vehicle. The principal ele-

ments shall be an inertial measurement unit (IMU), a digital computer

and control electronics. These elements shall be located in the IU.

3.3.4.1.1 The launch vehicle guidance, navigation and control system

shall:

(a) Be capable of automatic operation independent of external com-

mands during thrusting phases.

(b) Be capable of accepting from the ground, during coasting phases

of the mission, commands to initiate operations and data for

updating the information stored in the digital computer.

(c) Be capable of guiding the space vehicle into Earth orbit without

plane change at any time within the launch window.

(d) Not require realignment of its inertial attitude reference after

launch.
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(e) Include a means for checkout of the launch vehicle guidance,

navigation and control system, both on the launch pad and in

Earth parking orbit.

3.3.4. I. 2 The capability shall be provided in the launch vehicle to

means of:

(a)

(b)

utilize CM guidance and control commands as an alternative

Attitude control of space vehicle during the coasting phase of

the mission which occurs after S-IVB ignition.

Space vehicle guidance and control for Earth orbit insertion

after S-IVB ignition.

3.3.5 Saturn IB Launch Vehicle Communications and Tracking

3.3.5.1 General The general requirements shall be the same as for

the Saturn V launch vehicle Communication and Tracking

System stated in 3.4.5.1.

3.3.5.2 Functional Capability

3.3.5.2.1 Telemetry The telemetry subsystem shall be able to:

(a) Transmit data required for operational control by an independent

transmitter in each stage and the IU.

(b) Transmit the data required for postflight analysis.

(c) Operate continuously in the S-IVB and IU for at least 4.5 hours

after launch.

3.3.5.2.2 Tracking Aid The tracking aid subsystem shall enable the

MSFN and Eastern Test Range (ETR) stations to track the

launch vehicle continuously by at least two independent means during

the launch phase irrespective of vehicle attitude. The tracking aid sub-

system in the IU shall be able to:

(a) Operate continuously for at least 4.5 hours after launch.

(b) Permit angle and range tracking when in line-of-sight of suitably

equipped MSFN stations,



17 March i, 1966

3.3.5.2.3

launch.

Up-Data The up-data subsystem in the IU shall be able to

receive data from the MSFN for at least 4.5 hours after

The up-data subsystem shall be able to supply verification

signals to the MSFN via the S-IVB and IU operational telemetry trans-

mitters.

3.3.5.2.4 Command Destruct The command destruct requirements shall

be the same as for the Saturn V launch vehicle stated in

3.4.5.2.4.

3.3.5.3 Coverage Capability The Saturn IB Communication and Track-

ing System shall be able to operate with the MSFN to achieve

the coverage specified in Table 3.7-4.

3.3.5.4 Performance The Saturn IB Communication and Tracking Sys-

tern shall meet the requirements specified in Table 3.3-1.

3.4 Saturn V Launch Vehicle

3.4.1 General The Saturn V launch vehicle shall be composed of

three stages, S-IC, S-II and S-IVB, and an IU. The launch

vehicle control weights shall be as specified in Table 10.1-2,

Appendix 10.1. The S-IVB stage and the IU shall be capable of meeting

the requirements of this specification when subjected to the natural en-

vironment of terrestrial space as given in Section 3 of M-DE 8020.008B.

3.4.1.1 Payload The launch vehicle shall have the payload capa-

bility specified in Table 10.1-2 of Appendix 10.1.

3.4.1.2 Standby Time The launch vehicle shall have the capability

to stand by in a loaded condition with propellant topping for

the duration of the launch window and still perform the mission. The

launch vehicle shall have the capability for meeting a launch window on

each of three successive days.
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3.4.1.3 Prelaunch Checkout The launch vehicle shall be designed to

facilitate remote checkout during the prelaunch phase by auto-

mated equipment designed in accordance with the requirements of 3.6.2.

3.4.1.4 In-Flight Performance Evaluation The S-IVB/IU shall be de-

signed to facilitate in-flight system performance and status

evaluation by the MCG.

3.4.1.5 Emergency Detection Subsystem (EDS) The launch vehicle

shall contain an EDS which shall be capable of sensing

incipient launch vehicle failures which might result in crew loss. EDS

information shall be provided for display to the crew and to ground per-

sonnel. The EDS shall have the capability to initiate automatically the

crew escape sequence if the failure is such that the crew would not have

time to escape safely by manual initiation.

3.4.1.6 Instrumentation An instrumentation subsystem shall be pro-

vided in the launch vehicle to permit the crew and ground

personnel to monitor and evaluate launch vehicle performance.

3.4.1.7 Command Destruct The launch vehicle shall contain two sep-

arate command destruct subsystems on each propulsive stage

for emergency thrust termination and propellant dispersal on ground com-

mand. The propellant dispersal subsystem shall be designed so that it is

armed by receipt of an emergency thrust termination signal. A second

discrete ground command shall be required to actively disperse the pro-

pellants (see 3.4.5.2.4).

3.4.1.8 Electrical Power Electrical power shall be supplied by batteries

during flight and by ground support equipment during checkout,

countdown and standby periods. Separate batteries shall be

provided in each stage and in the IU.

3.4.1.9 Attitude Control The S-IVB stage in conjunction with the IU

shall be capable of maintaining the space vehicle at commanded

attitudes for 4.5 hours during Earth orbit, and for 2 hours after injection

into translunar trajectory to allow transposition and dock.
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3.4.2 Structure The space vehicle shall be capable of being trans-

ported in a vertical position from the VAB to the launch site

(see 3.6.3). In addition, the space vehicle shall have a freestanding

capability, with the propellant containers pressurized or unpressurized,

on the launch pad during 99.9 percentile peak surface wind conditions

given in 2.3.2.1 of M-DE 8020. 008B.

3.4.2.1 Prelaunch Environment During the prelaunch period, the space

vehicle shall be capable of withstanding the natural ground

environment given in 2.2 of M-DE 8020. 008B.

3.4.2 ° 2 Launch and Fliqht Environment The space vehicle shall be

_apablex_f beinq launched in the 95 percentile peak surface

wind conditions given in 2.3.2.3 of M-DE 8020,008B and associated

wind shears given in 2.3.2.4 of M-DE 8020°008B, The space vehicle

shall be capable of flight in the 95 percentile quasi-steady state in-

flight winds given in 2.3o2,5 of M-DE 8020.008B° In addition, the

vehicle shall be capable of flight with 85 percent of the 99 percentile

,^,_nd....... shears given in 2o3._.2 6 of M-DE u_Qn°n.008B, and with _5 pe_ntr,-_

of the quasi-square wave gust given in 2.3.2.8 of M-DE 8020.008B

both superimposed on the 95 percentile quasi-steady state in-flight

winds given in 2.3.2.5 of M-DE 8020. 008B.

3 ° 4.3 Propulsion

3.4o3ol

3.4.3.1.1

S-IC Stages

Main Propulsion Subsystem The main propulsion subsystem

shall consist of five F-1 liquid-propellant rocket engines.

Four of these engines shall be gimbal-mounted for flight control purposes.

3.4.3.1.1.1 Propellants The F-1 engines shall utilize liquid oxygen

and RP-1 as propellants.

3.4.3.1.1.2 Thrust Each F-1 engine shall provide a sea level thrust

+23,000 pounds
of 1,522,000 -22,000
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3.4.3.1.1.3 Specific Impulse Each F-1 engine shall provide a nom-

inal sea level specific impulse of 264.5 seconds. The

minimum sea level specific impulse shall be 263 seconds.

3.4.3.1.2 Retrorocket Subsystem The retrorocket subsystem, in con-

junction with the S-II stage ullage rockets, shall provide

the thrust for separating the S-IC stage from the S-IC/S-II interstage.

Failure of one retrorocket shall not prevent separation.

3.4.3.2 S-II Stage

3.4.3.2.1 Main Propulsion Subsystem The main propulsion subsystem

shall consist of five I-2 liquid propellant rocket engines.

Four of these engines shall be gimbal-mounted for flight control purposes.

3.4.3.2.1.1 Propellants The _-2 engine shall utilize liquid oxygen

and liquid hydrogen as propellants.

3.4.3.2.1.2 Thrust Each J-2 engine shall provide a vacuum thrust of

205,000" 6,150 pounds.

3.4.3.2.1.3 Specific Impulse Each I-2 engine shall provide a nom-

inal vacuum specific impulse of 426 seconds. The mini-

mum vacuum specific impulse shall be 422 seconds.

3.4.3.2.2 Retrorocket Subsystem The retrorocket subsystem, in con-

junction with the S-IVB auxiliary propulsion subsystem, shall

provide the thrust for separating the S-II stage from the S-IVB stage.

Failure of one retrorocket shall not prevent separation.

3.4.3.2.3 Ullage Rocket Subsystem The ullage rocket subsystem shall

provide the thrust for propellant settling sufficient for J-2

engine ignition. Failure of one ullage rocket shall not prevent effective

propellant settling.

3.4.3.3 S-IVB Stage

3.4.3.3.1 Main Propulsion Subsystem The main propulsion subsystem

shall consist of one J-2 engine as specified in 3.4.3.2.1,

gimbal-mounted for pitch and yaw control. The engine shall be capable

CONFIDENTIAL
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of at least one orbital restart. The subsystem shall be designed for con-

tinuous venting of propellant boiloff during coast.

3.4.3.3.2 Auxiliary Propulsion Subsystem The auxiliary propulsion

subsystem shall provide thrust for: (a) roll control during

powered flight, (b) attitude control about three axes during coast and

(c) propellant settling for J-2 engine restart. To the extent that unused

propellants permit, the auxiliary propulsion subsystem shall also be used

to alter the flight path of the S-IVB/IU in order to avoid impact with the

spacecraft after separation. The auxiliary propulsion subsystem shall

utilize nitrogen tetroxide and monomethylhydrazine as propel!ants.

3.4.3.3.3 Ullage Rocket Subsystem The ullage rocket subsystem shall

provide the thrust for propellant settling sufficient for initial

J-2 engine ignition. Failure of one ullage rocket shall not prevent effec-

tive propellant settling.

3.4.4 Guidance, Navigation and Control

3.4.4.1 General The launch vehicle guidance, navigation and control

system ' "'Shall± provide the - ;_ ........ _-_+_ .... ,_ ,-,,-,,_-_,-_I

functions which are required for the space vehicle from liftoff through

transposition and docking. The principal elements shall be an inertial

measurement unit (IMU), a digital computer and control electronics.

These elements shall be located in the IU.

3.4.4.1.1 The launch vehicle guidance, navigation and control system

shall:

(a) Be capable of automatic operation independent of external com-

mands during thrusting phases.

(b) Be capable of accepting from the ground, during coasting phases

of the mission, commands to initiate operations and data for up-

dating the information stored in the digital computer.

(c) Be capable of guiding the space vehicle into Earth orbit without

plane change at any time within the launch window.

209-774 0 - 66 - 3
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(d) Not require realignment of its inertial attitude reference after

launch.

(e) Include a means for checkout of the launch vehicle guidance,

navigation and control system both on the launch pad and in

Earth orbit.

3.4.4.1.2

means of:

(a)

(b)

The capability shall be provided in the launch vehicle to

utilize CM guidance and control commands as alternative

Attitude control of the space vehicle during coasting phases of

the mission which occur after S-IVB ignition.

Space vehicle guidance and control for Earth orbit insertion

after S-If ignition.

Space vehicle guidance and control for translunar injection.

Accuracy The accuracy requirements for the launch vehicle

navigation, guidance and control system are specified by the

following allowable bounds at the cutoff of translunar injection

6position = 10,000 feet

62 = 15 feet/sec

2 + (_)2 = i00 ft/sec

The error components are given in an Earth-centered, right-handed rec-

tangular coordinate system with the y axis passing through the nominal

cutoff point and the x axis lying in the nominal orbit plane. The error

components are measured from the nominal cutoff conditions.

(a)

(b)

Saturn V Launch Vehicle Communications and Tracking

General The Communication and Tracking System of the

Saturn V launch vehicle shall have the following capabilities:

Telemetry tran smi s sion.

Tracking aid.
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(c) Up-data reception.

(d) Command-destruct data reception.

3.4.5.2 Functional Capability

3.4.5.2.1 Telemetry The telemetry subsystem shall be able to:

(a) Transmit data required for operational control by an independent

transmitter in each stage and the IU.

(b) Transmit the data required for postflight analysis.

(c) Operate continuously in the S-IVB and IU for at least 6.5 hours

after launch.

3.4.5.2.2 Tracking Aid The tracking aid subsystem shall enable the

MSFN and ETR stations to track the launch vehicle continu-

ously by at least two independent means during the launch phase irrespec-

tive of vehicle attitude. The tracking aid subsystem in the IU shall be

able to:

(a)

(b)

Operate continuously for at least 6.5 hours after launch.

Permit angle and range tracking when in line-of-sight of suitably

equipped MSFN stations.

3.4.5.2.3 Up-Data The up-data subsystem in the IU shall be able to

receive data from the MSFN for at least 6.5 hours after

launch. The up-data subsystem shall be able to supply verification

signals to the S-IVB and IU operational telemetry transmitters for trans-

mission to the MSFN.

3.4.5.2.4 Command Destruct The command destruct subsystem shall:

(a) Include two sets of identical and independent command receivers

and decoders on each propulsive stage.

(b) Be compatible with and be operable by the range safety command

transmitters installed at the stations of ETR.

(c) Permit continuous data reception irrespective of vehicle attitude

from liftoff until the predicted impact points of the stages are

outside of the areas specified by range safety.

0
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3.4.5.3 Coverage Capability The Saturn V Communication and Track-

ing System shall be able to operate with the MSFN to achieve

the coverage specified in Table 3.7-3.

3.4.5.4 Performance The Saturn V Communication and Tracking System

shall meet the requirements specified in Table 3.4-1. The

Command and Communication System (CCS) in the IU, which operates at

the same frequencies as the Unified S-Band (USB) subsystem in the LEM,

shall be capable of being deactivated after separation of the spacecraft

from the launch vehicle.

3.5 Spacecraft

3.5.1 General The spacecraft shall be composed of a Command

Module (CM), Service Module (SM), Launch Escape System

(LES), Adapter and Lunar Excursion Module (LEM). The LEM shall be

composed of an ascent stage and a descent stage. The spacecraft shall

be designed to be mated to either a Saturn IB or a Saturn V launch

vehicle.

Spacecraft control weights shall be as specified in Table 10.1-4,

Appendix 10.1. Spacecraft propulsion performance characteristics, in-

cluding the AV budget for the lunar landing mission, are specified in

Table 3.5-1.

The CM shall be the spacecraft command center for the per-

formance of crew-initiated functions, except for LEM functions during

LEM operations. The LEM ascent stage shall contain a command center

for the performance of crew-initiated functions during LEM operations.

An instrumentation subsystem shall be provided in the spacecraft which,

in conjunction with the D&C subsystem, shall permit the crew and ground

personnel to monitor and evaluate spacecraft performance. The space-

craft shall be capable of utilizing data from Earth-based tracking and
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computing facilities in conjunction with onboard computations. In ad-

dition, the spacecraft shall be capable of performing the mission or of

aborting independent of ground facilities.

The spacecraft system shall be designed to accomplish the LOR

mission at the design performance levels specified herein. Fourteen-day

Earth orbital or lunar missions shall be possible by appropriate system

management.

No equipment or components critical to the completion of the

mission shall be dependent on the cabin atmosphere for electrical insula-

tion or thermal conditioning. Only those materials which do not present

a fire hazard or emit harmful quantities of atmospheric contaminants when

exposed to an oxygen-enriched, low-pressure environment shall be used

in the crew envelopes of the CM and LEM.

3.5.1.1 Prelaunch Environment During the prelaunch period, the

spacecraft shall be capable of withstanding natural ground

environment and winds as specified 3.4.2.

3.5.1.2 Prelaunch Checkout The spacecraft shall be designed to

facilitate remote checkout during the prelaunch phase by

automated equipment designed in accordance with the requirements of

In-Flight Performance Evaluation The spacecraft shall be de-

signed to facilitate in-flight system performance and status

evaluation by the MCC.

3.5.1.4 Standby Time As a minimum, the spacecraft shall have the

capability to stand by in a loaded condition after launch

vehicle propellant loading, for the duration of the launch window and

still perform the mission. The spacecraft shall have the capability to

meet a launch window on each of three successive days.
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3.5.1.5 Launch and Flight Environment The spacecraft shall be capa-

ble of being launched in the wind conditions specified in

Earth Orbit Environment During the Earth orbit phase, the

spacecraft shall be capable of operating in the terrestrial

space environment as given in Section 3 of M-DE 8020.008B.

3.5.1.7 Translunar Environment During the translunar phases and

lunar orbit operations, the spacecraft shall be capable of

operating in the cislunar space environment as given in Section 4 of

M-DE 8020. 008B.

3.5.1.8 Transposition The CSM shall be capable of being reposi-

tioned from the launch configuration to the docked configura-

tion within two hours after injection. After transposition, the spacecraft

shall be capable of being separated from the S-IVB/IU and of avoiding

impact with the S-IVB/IU during subsequent flight maneuvers.

3.5.1.9 One-Man Operation The spacecraft shall be designed so that

a single crew member can perform all functions required to

accomplish a safe return to Earth from any point in the mission. The

CSM shall be designed so that during lunar operations a single crew

member can perform all essential CSM operations for at least seven days.

The LEM shall be designed so that a single crew member can perform all

essential LEM operations during LEM phases.

3.5.1.10 CSM-LEM Abort The spacecraft shall be capable of utilizing

the LEM descent propulsion as backup to SPS propulsion to the

extent that LEM propellant supplies permit.

3.5.1.11 Separation Time All LEM subsystems shall be capable of

meeting their performance requirements for a minimum of 48

hours while separated from the CSM.

3.5.1.12 Descent Abort The LEM ascent stage shall be capable of

separating from the descent stage during descent, and of

returning to lunar orbit.
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3.5. i. 13 Translational Range The LEM shall have the capability for

a translational range of at least 1000 feet during hover above

the lunar surface.

3.5. I. 14 Lunar Environment During lunar operations including LEM

landing and takeoff, all spacecraft subsystems exposed to

the lunar surface environment shall be capable of operating in the envi-

ronmental conditions given in 5.0 of M-DE 8020. 008B.

3.5. i. 15 Lunar Landing The LEM shall be capable of performing a

controlled soft landing at any point in the landing area where

the lunar surface characteristics fall within the range of the surface con-

ditions given in 5.8 of M-DE 80 °_ _ o _^ lunar i_.._-u.u0oB. ._ ._**_,,_ accuracy

Shall be as specified in 3. i. 1.2.7.

3.5. i. 16 Lunar Operations The capability shall be provided for a

planned stay time of 35 hours on the lunar surface. The LEM

shall be capable of utilizing the 9-hour contingency capability specified

in 3.5. i. 20 (c) to extend lunar stay time to 44 hours.

The LEM shall be capable of accommodating the temperatures

of lunar day or lunar night as given in 5.7 of M-DE 8020. 008B and as

required by the appropriate mission appendix to this specification. The

LEM subsystems shall be capable of supporting lunar exploration as

specified in 3. i. 1.2.8. It shall be capable of being left unoccupied

with the cabin unpressurized on the lunar surface.

3.5. i. 17 Scientific Equipment Support See 3.5.7

3.5. i. 18 Sterilization Sterilization of the spacecraft shall not be

required.

3.5. i. 19 Launch Platform The descent stage shall be capable of being

used as a launch platform by the ascent stage on the lunar

surface. The ascent stage shall be capable of lunar liftoff when the

LEM is tilted up to 30 ° from the local vertical.
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3.5.1.20 Ascent Stage Operations The LEM ascent stage shall be

capable of operation independent from the descent stage for

at least the time required to perform the following operations:

(a) Prelaunch checkout on the lunar surface.

(b) Ascent, rendezvous and dock.

(c) Nine-hour contingency stay time in lunar orbit after launch any

time from the lunar surface.

3.5.1.21 Rendezvous and Dock Both the LEM and CSM shall have the

capability to rendezvous and dock with the other in lunar

Entry The CM shall be capable of controlled flight through

the Earth's atmosphere (as given in 2.5 of M-DE 8020. 008B)

to any preselected impact point having a ground range between 1,500 nm

and 2,500 nm from the entry point (defined as the point at which the

vehicle first descends through the 400,000 feet altitude level). Addi-

tionally, the CM shall be capable of safe flight to all extended ranges

between 2,500 nm and 3,500 nm. Both of these shall be possible with-

out exceeding a 10g deceleration for inertial entry velocities up to

36,500 fps and equatorial inclinations between _-90 °. The design limit

entry load for all CM systems shall be a 20g deceleration.

3.5.1.23 Aerodynamic Characteristics The CM shall have an offset

center of gravity (cg) which will produce a lift-to-drag ratio

of 0.34 -_. 04 at lvlach 6. The direction of the lift vector shall be con-

trollable through the use of the attitude control subsystem.

3.5.1.24 Landing With two-thirds or more of the parachute area effec-

tive,

(a) The capability shall be provided for safe landing on water under

conditions given in 2.6.2 of M-DE 8020. 008B.

(b) The capability shall be provided for a survivable landing on land

under conditions given in 2.6.1 of M-DE 8020. 008B.
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3.5.1.25 Postlanding The CM shall provide a survivable environment

and provisions for the crew for two days after landing under

environmental conditions given in 2.7 of M-DE 8020,008B, It shall be

capable of floating in an apex-up, stable attitude for at least 48 hours

and of remaining afloat for a total of at least seven days under environ-

mental conditions given in 2.8 of M-DE 8020. 008B.

3.5.1.26 Recovery The CM shall be equipped with recovery aids to

assist recovery forces in locating it after landing and in

effecting recovery of the crew and the vehicle.

3.5.2 Command and Service Modules

__ 5.2.1 Structure

3.5.2.1.1 Cabin Space The CM cabin shall provide sufficient space

to allow three crew members wearing pressurized suits to

perform all functions required for crew safety and mission success.

3.5.2.1.2 Windows Window areas shall be provided to allow the

CM crew to perform rendezvous and docking maneuvers with

the LEM using direct visual means.

3.5.2.1.3 Ingress and Egress The structure shall be designed to per-

mit the following:

(a) Intravehicular transfer of crew members between the docked

CSM and LEM within the controlled environment.

(b) Egress to and ingress from space by crew members, including

extravehicular transfer in either the docked or undocked con-

figuration without assistance from any other crew member.

(c) Passage through all hatches by astronauts in inflated suits.

(d) Rapid emergency egress from the CM while on the launch pad.

3.5.2.1.4 Docking A docking mechanism which will provide a positive

structural tie between the CM and LEM shall be provided.
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3.5.2.1.5 Thermal Requirements Passive thermal control shall be

provided to minimize heat transfer through the walls. Ther-

mal designs may take advantage of change in spacecraft orientation,

provided that there shall be no compromise of required operational flex-

ibility.

3.5.2. i. 6 Extravehicular Mobility Unit (EMU) Storage The CM will

provide the capability of storing EMU components necessary

for:

(a)

(b)

(c)

3.5.2.2

3.5.2.2.1

Three crewmen to operate in a pressurized cabin.

Three crewmen to operate in an unpressurized cabin.

One crewman to conduct extravehicular operations.

CSM Propulsion

General Performance characteristics of the CSM propulsion

subsystems shall be as specified in Table 3.5-1. The

service life of propulsion subsystems after pre-mission testing shall

allow the engines to be fired for sufficient time to deplete propellants

available when all propellant tanks are loaded to the maximum capacity.

3.5.2.2.2 Command Module Reaction Control Subsystem The CM

RCS shall provide thrust for attitude control of the CM about

three axes after separation from the SM. There shall be two separate,

redundant subsystems, each having provisions for dumping unburned

propellant and venting the pressurizing gas prior to touchdown.

3.5.2.2.3 Service Module Reaction Control Subsystem The SM RCS

shall provide thrust for attitude control about three axes

when the spacecraft is in the CSM or CSM/LEM configuration. The SM

RCS shall provide thrust for propellant settling for the SPS and thrust for

small translational maneuvers. The SM RCS shall have four engine

clusters, any two of which are sufficient to accomplish the mission.
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TABLE 3.5-1

SPACECRAFT PROPULSION PERFORMANCE CHARACTERISTICS

Vacuum

Thrust

(lbs per thruster)

Vacuum

Steady
State

isp (sec)

Maximum

Vacuum

Impulse Bit (2)

(ib-seconds)

SPS

20,000

+1%

Nominal 315

Minimum 313

Propellant Combination (3)

_dlocations

(fps)

5000:_200

3607 (LEM

3870 (with-

out LEM)

CM

RCS

RCS Usable Propellant

Tank Capacity (lbs)

88_

3.45

274

266

1

(4)

1

to

2

N/A 225

"_T/_ ]

SM

RCS

100

*5%

280

275

•54-.45

LEM

ASCENT

3,500

±2.5%

309

306

LEM

DESCENT

10,5004-
3% to

1,050 (1)

309 (100%£)

305(100%£)

[285(Io%F)

N/A

(3) (3) (3) (3)

'TkT/A ] lq "1 .C,,n/' q '_

N/A790

17332

N/A

LEM

RCS

100

4"5%

280

275

.5,.45

436(5)

575

(Numbers in brackets refer to notes below)

NOTES:

(1) Thrust controllable between 10,500 lbs and 1,050 lbs.

(2) Bit is defined as the minimum obtainable pulse.

(3) N20 4 with .45 to .85% NO by weight, UDMH/N2H 4.

(4) N20 4 with .45 to .85% NO by weight, MMH.

(5) Additional capability must be provided to compensate for moment unbalance

during ascent engine thrusting.
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3.5.2.2.4 Service Module Propulsion Subsystem The SPS shall pro-

vide thrust for translational maneuvers of the spacecraft in

both the CSM and CSM/LEM configurations. The SPS shall be capable

of providing thrust for abort maneuvers from the separation of the LES

until entry.

3.5.2.3 CSM Communications and Tracking

3.5.2.3.1 General The CSM Communication and Tracking System

shall provide the following capabilities:

(a) Voice communications.

(b) Telemetry transmission and reception.

(c) Tracking aid.

(d) Up-data reception.

(e) Television transmission.

(f) Recovery beacon transmission.

3.5.2.3.2 Functional Capability

3.5.2.3.2.1 Voice Communications The voice communication subsys-

tem shall be able to provide 2-way voice communication

between:

(a)

(b)

(c)

Crew members in the pressurized or the unpressurized CM.

The CSM and one or two extravehicular astronauts (EVA).

The CSM and LEM in both the separated and the docked con-

figurations.

(d) The MSFN and three astronauts in the CSM.

(e) An EVA (near the CSM) and the MSFN using the CSM as a relay.

(f) The CSM, LEM and MSFN both as a conference loop and with

one acting as a relay for the other two.

(g) The CSM and the launch complex prior to liftoff.

(h) The CM and the recovery forces.

Manually-keyed transmission from the CSM to the MSFN

shall be provided as an emergency backup.
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The voice communication subsystem shall be able to record

and transmit recorded CSM voice communications to the MSFN without

interrupting normal voice communications.

3.5.2.3.2.2 Telemetry The telemetry subsystem shall be able to:

(a) Transmit operational data from the CSM to the MSFN at a high

and low bit data rate.

(b) Transmit scientific data from the CSM to the MSFN.

(c) Transmit instrumentation and biomedical data from an EMU

during checkout in the CSM to the MSFN.

(d) Receive instrumentation and biomedical data from an EVA (near

the CSM), and transmit this data to the MSFN.

(e) Receive and record, in the CSM, low bit rate telemetry from

the LEM.

(f) Transmit recorded telemetry data at the high bit rate simul-

taneously with the CSM operational data,

3.5.2.3.2 ° 3 Tracking Aid The tracking aid subsystem shall enable:

(a) The MSFN to track the CSM.

(b) The LEM to track the CSM.

3.5.2.3.2.4 Up-Data The up-data subsystem shall be able to:

(a) Receive data from the MSFN.

(b) Provide, in conjunction with the PNGCS, for the display of up-

data addressed to the digital guidance computer.

(c) Supply up-data verification signals to the MSFN via the CSM

telemetry subsystem.

3.5.2° 3.2.5 Television The television subsystem shall be able to

transmit television pictures to the MSFN.

3.5.2.3.2.6 Recovery Beacon Continuous beacon operation from the

CM shall be provided for at least two days after touch-

d own.
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3.5.2.3.3 Coverage Capability

3.5.2.3.3.1 CSM-MSFN The CSM Communication and Tracking

System shall be able to operate with the MSFN to achieve

the coverage specified in Table 3.7-1.

3.5.2.3.3.2 CSM-LEM The following line-of-sight communications

and tracking coverage between the CSM and the LEM

shall be provided:

(a) Two-way voice communications from the docked position to a

range of 550 nm.

(b) CSM reception of telemetry from the LEM whenever the LEM is

within a range of 300 nm.

(c) LEM tracking of the CSM tracking aid whenever the CSM is

within a range of 400 nm.

3.5.2.3.3.3 CSM-EVA The CSM shall be able to:

(a) Maintain continuous 2-way voice communications with one or

two EVA' s.

(b) Receive continuous EMU telemetry from an EVA.

Both requirements shall be met for ranges up to 1 nm.

3.5.2.3.4 Performance The CSM Communication and Tracking System

shall meet the requirements specified in Tables 3.5-2A and

3.5-2B.

3.5.2.4

3.5.2.4.1

Electrical Power Subsystem

General The CSM Electrical Power Subsystem (EPS) shall

generate and distribute all the electrical power required by

the CSM during all phases of a 14-day mission plus 48 hours of the post-

landing recovery period. In addition, the CSM EPS shall be capable of

supplying power to the LEM during the translunar and lunar orbit phases.

Until SM separation, the primary source of electrical power shall be fuel

cells. After SM separation, CM power shall be supplied by batteries.
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3.5.2.4.2 Nominal Capacity The EPS shall utilize three liquid hydro-

gen and liquid oxygen fuel cells, and shall be capable of

supplying a total of 575 kwh of electrical energy. Each fuel cell shall

be capable of supplying power over a range from 565 watts to 1400 watts.

The EPS shall be capable of recharging the entry and postlanding bat-

Sizing In the event of the failure of one fuel cell, the re-

maining two cells shall have sufficient capacity to continue

the normal mission, assisted by storage batteries. In the event of the

failure of two fuel cells, the remaining cell when assisted by storage

batteries shall have the capacity to supply all essential power for a

period sufficient to return the crew safely to Earth from any phase of the

Water and Oxygen Supply The EPS shall be the primary

source of potable water and oxygen for crew consumption.

3.5.2.4.5 Pyrotechnic Firing Circuits There shall be redundant means

for firing all pyrotechnic devices. All pyrotechnic firing

circuits shall be isolated from the main electrical subsystems.

3.5.2.4.6 Ground Support The EPS shall be capable of distributing

power from an external source during the prelaunch phase.

3.5.2.5 Integrated Navigation, Guidance and Control System

3.5.2.5.1 General The integrated navigation, guidance and control

system shall be composed of the CM Primary Navigation,

Guidance and Control System (PNGCS) and the CM Stabilization and

Control System (SCS) with common usage of some elements. These sys-

tems used in conjunction with data from the MSFN, shall provide a re-

dundant navigation, guidance and control capability. Table 3.5-3 shows

the functions that shall be provided by the PNGCS and SCS.

The PNGCS shall provide the capability for the navigation,

guidance and control functions during normal missions and those aborted

mission.

3.5.2.4.4
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TABLE 3.5-3

Functions

Thrust Vector Control

of the SPS

Attitude Control

Translation Control

using Reaction

Control System

Navigation and

Guidance

Vehicle Configurations

S-IVB/IU

CSM/LEM

P

P

P

CSM/LEM

P, S

P, S

P, S

P, S*

CSM

P, S

P, S

P, S

P,

CM

S* P

P, S

Lift Vector Control P, S

P indicates function required of PNGCS

S indicates function required of SGS

*The SGS requires navigational data from the MSFN in order to perform

this function.

missions not involving failure of the PNGCS. The PNGCS shall be capa-

ble of providing its functions independent of data or commands from

sources external to the spacecraft, and it shall be capable of utilizing

navigational data supplied by the MSFN. The SCS, using navigational

data received from the MSFN, shall provide the capability for returning

the CM to Earth in the event of failure of the PNGCS.

3.5.2.5.1.1 The principal elements of the PNGCS shall be an IMU, a

digital computer, an optical subsystem and the displays

and controls needed for crew operation.



37 March 1, 1966

3.5.2.5.1.2 The principal elements of the SCS shall be gyroscopes

and an accelerometer rigidly mounted to the CM struc-

ture, control electronics and the displays and controls needed for crew

operation.

3.5.2.5.1.3 The PNGCS shall be capable of providing guidance and

control commands to the launch vehicle to accomplish

the functions required in 3.4.4.1.2 for the Saturn V and 3.3.4.1.2 for

the Saturn lB.

3.5.2.5.1.4 The PNGCSand the SCS shall:

(a) Provide displays and controls to permit normal crew operation

and performance monitoring of the systems. This includes such

functions as selection of modes of operation, insertion of operating

commands or data into the digital computer, entry monitoring and initi-

ation of automatic operations.

(b) Provide their functions automatically, once initiated, except

for the SCS functions of translation control using the SM RCS

and lift vector control.

(c) Provide means to permit the crew to assume manual control of

the spacecraft. Included shall be the capability of manual

attitude and thrust vector control and manual start-stop control of the

SPSengine.

(d) Include a means for checkout on the launch pad utilizing the

prelaunch checkout equipment. Means shall also be provided

for in-flight checkout and failure detection.

3.5.2.5.1.5 The PNGCS shall:

(a) Provide the crew with the capability, through the use of the

optical subsystem, of making sightings on Earth and lunar

landmarks and on celestial bodies for:

(1)

(2)

(3)

Z09- 774 0 - 66 - 4

Prelaunch and in-flight alignment of the PNGGS IMU.

Alignment of the SCS inertial attitude reference.

Navigation.
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(b) Have a mode of operation which, once set up by the crew, will

permit the guidance, navigation and control functions to be

commanded by the ground without further crew participation.

(c) Have a mode of operation which will permit the digital com-

puter to accept commands and data from the MSFN via the up-

data link.

(d) Provide navigation, guidance and control capability for CSM

rescue of the LEM while in a lunar parking orbit.

(e) Be capable of monitoring the position, velocity, attitude and

attitude rates of the Apollo space vehicle during all burns of

the S-IC, S-II and S-IVB stages.

(f) Enable the crew to align the PNGCS IMU and SCSinertial

attitude reference during the mission.

3.5.2.5.2 Accuracy The accuracy of the PNGCS for translunar in-

jection shall be the same as specified in 3.4.4.2. The

integrated navigation, guidance and control system, when used with the

MSFN, shall be capable of correcting for the translunar injection errors

specified in 3.4.4.2 with midcourse corrections not exceeding 200 ft/sec.

The PNGCS shall be capable of guiding the CM during entry

to the preselected point of parachute deployment within a 10-nm CEP.

3.5.2.6 Display and Control Subsystem

3.5.2.6.1 General The Display and Control (D&C) subsystem shall

accept information from the instrumentation subsystem, and

shall display it in such a manner that the crew can assess the current

status and trends of critical subsystems. The D&C subsystem shall pro-

vide controls for crew operation of the spacecraft.

3.5.2.6.2 Warning Indicators The D&C subsystem shall provide active

warning indicators for out-of-tolerance conditions in critical

subsystems.
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3.5.2.6.3 Launch Vehicle Emergencies Incipient critical failures in

launch vehicle subsystems detected by the Emergency De-

tection Subsystem shall be displayed.

3.5.2.6.4 One-Man Operation The subsystem design shall allow for

performance of all critical control functions by one crew

member in a pressurized suit.

3.5.2.6.5 Manual Override Manual override or inhibit capability shall

be provided on all automatic subsystems.

3.5.2.6.6 CSM-LEM Compatibility Similarity between controls and

displays in the LEM and in the CM shall exist whenever

practicable.

3.5.2.7 Environmental Control Subsystem The C SM shall be equipped

with a nonregenerative Environmental Control Subsystem (ECS)

which shall provide a conditioned atmosphere, thermal control and water

management in support of the crew with and without pressure suits. The

ECS shall also provide thermal control of equipment where needed.

3,5.2.7.1 Atmospheric Supply The CSM crew compartment shall be

supplied with pure oxygen. Referenced to 70 ° F dry bulb,

the partial pressure of oxygen shall not be less than 180 mm Hg and,

after the boost phase, shall not exceed 300 turn Hg. The primary source

of oxygen to meet the physiological requirements of the crew shall be

the EPS located in the SM. The ECS shall be capable of maintaining a

cabin pressure of not less than 3.5 psia for at least 15 minutes following

a 0.25-inch diameter puncture. This capability shall not be required in

the CM after SM separation. The ECS shall provide stored oxygen in the

CM for use from SM separation to CM touchdown.
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3.5.2.7.1.1 Atmospheric Control Provisions shall be made for con-

trol of temperature, ventilation rates and humidity within

the range necessary to:

(a) Maintain the crew in biothermal equilibrium with sweat rates

not exceeding safe physiological limits.

(b) Preclude condensation on any surface interior to the crew com-

partment which will impair equipment operation or crew per-

forma nc e.

Provisions shall be made for limiting the concentration of

toxic and noxious gases and particulate matter to below those levels

capable of causing equipment malfunction or impaired crew performance.

3.5.2.7.2 Water Management The primary source of potable water

for the CSM ECS shall be the EPS. Arrangements shall be

made for storing waste water separately.

3.5.2.7.3 EMU Support The ECS shall be capable of providing con-

tinuous intravehicular support to three astronauts in pressur-

ized suits for the period required to return the crew safely to Earth from

any point in the mission. The design to meet this requirement shall be

based upon an average energy expenditure of 500 BTU's/man/hour and

a Respiration Quotient of 0.85.

3.5.2.8 Crew Equipment

3.5.2.8.1 General The CSM shall contain provisions and equipment

necessary to protect and sustain the crew. Support shall

be provided, beginning with crew occupancy of the CSM during the pre-

launch phase and ending with crew recovery at completion of the mission.

3.5.2.8.2 Support and Restraint The support and restraint subsystem

shall provide crew protection against injury for all antici-

pated accelerations.
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3.5.2.8.3 Illumination Provisions shall be made for control of illu-

mination to facilitate accurate reading of instrumentation,

adjustments to equipment and operation of controls under any external

lighting conditions which may be encountered during the mission.

3.5.2.8.4 Food and Water The CSM shall be designed to accommo-

date quantities of food and potable water adequate for 42

man-days of flight operation based on a metabolic rate of 11,200 BTU's/

man/day and a Respiration Quotient of 0.85. The design shall provide

for:

(a) Control of bacterial growth during storage.

(b) Oral ingestion of food and water by crew members in pressurized

suits.

The composition of food shall result in a low-bulk residue which is free

from detrimental waste products. The water management shall be pro-

vided as specified in 3.5.2.7.2.

3.5.2.8.5 Waste Management Provisions shall be made for the col-

lection and disinfection of biological excretions.

An effective method of confinement or sterilization shall be

employed to ensure that untreated biological waste does not become free

residue in space.

3.5.2.8.6 Medical Supplies The first aid equipment, drugs and

medical supplies provided shall be compatible with the

crew, equipment, other supplies and the environment.

3.5.2.8.7 Biomedical Instrumentation Instrumentation shall be pro-

vided to monitor the physiological parameters of each crew-

man as given in MSF Instruction, MIM 7000. 029.

3.5.2.8.8 Survival Survival equipment and provisions shall be pro-

vided to sustain the crew, independent of the CM, for

seven days after landing.
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3.5.3 Lunar Excursion Module

3.5.3.1 Structure

3.5.3.1.i Cabin Space The LEM cabin shall provide sufficient space

for two crew members wearing pressurized suits and allow

either one or both to perform all functions required for crew safety and

mission success.

3.5.3. i. 2 Windows Window areas shall be provided to allow the

LEM crew to perform rendezvous and docking with the CSM

and lunar landing using direct visual means.

3.5.3.1.3 Ingress and Egress The structure shall be designed to per-

mit the following:

(a) Intravehicular transfer of crew members between the docked

LEM and CSM within the controlled environment.

(b) Egress to and ingress from space by crew members, including

extravehicular transfer in either the docked or undocked con-

figuration without assistance from another crew member.

(c) Egress from and ingress to the LEM when it is on the lunar

surface, without assistance from another crew member.

(d) Passage through all hatches by crewmen in inflated pressure

garment assemblies.

3.5.3. i. 4 Docking A docking mechanism which furnishes a positive

structural tie between the LEM and GSM shall be provided.

3.5.3.1.5 Thermal Requirements Passive thermal control shall be

provided to minimize heat transfer through the walls.

Thermal designs may take advantage of change in spacecraft orientation,

provided that there shall be no compromise of required operational

flexibility.

3.5.3.1.6

(a)

EMU Storage The LEM shall provide the capability of

storing EMU components necessary for:

Two crewmen to operate in a pressurized cabin.
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(b)

(c)

Two crewmen to operate in an unpressurized cabin.

Two crewmen to conduct simultaneous extravehicular

operations.

LEM Propulsion

General Performance characteristics of the LEM propulsion

subsystems shall be as specified in Table 3.5-1. The

service life of propulsion subsystems after pre-mission testing shall

allow the engines to be fired for sufficient time to deplete propellants

available when all propellant tanks are loaded to the maximum capacity.

3.5.3.2.2 LEM Reaction Control Subsystem The LEM RCS shall pro-

vide tl-_ust for translation along tbCee axes and attitude

control about three axes during rendezvous, docking, descent and

ascent phases. There shall be two separate, redundant subsystems.

Propellant shall be transferable from the LEM ascent stage main pro-

pellant tanks to the LEM RCS engines.

3.5.3.2.3 LEM Descent Propulsion Subsystem The LEM descent pro-

pulsion subsystem shall provide thrust to transfer the LEM

from lunar parking orbit to the lunar surface, including descent and hover

close to the lunar surface.

3.5.3.2.4 LEM Ascent Propulsion Subsystem The LEM ascent pro-

pulsion subsystem shall provide thrust for launching the

LEM ascent stage from the lunar surface and transferring it into lunar

orbit for CSM rendezvous. It shall be capable of providing the thrust

required for abort during the lunar descent phase.

(a)

(b)

LEM Communications and Tracking

General The LEM Communication and Tracking System

shall provide the following capabilities:

Voice communications.

Telemetry transmission and reception.
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(c) Tracking and tracking aid.

(d) Television transmission.

3.5.3.3.2 Functional Capability

3.5.3.3.2.1 Voice Communication The voice communication sub-

system shall be able to provide 2-way voice communi-

cations between:

(a) Crew members in the LEM.

(b) LEM and an EVA.

(c) CSM and LEM in both the separated and the docked configura-

tions.

(d) MSFN and two astronauts in the LEM.

(e) CSM, LEM and MSFN both as a conference loop and with one

acting as a relay for the other two.

(f) One or two EVA's and MSFN using the LEM as a relay.

Manually-keyed transmission from the LEM to the MSFN shall

be provided as an emergency backup.

3.5.3.3.2.2 Telemetry The telemetry subsystem shall be able to:

(a) Transmit operational data from the LEM to the MSFN at a high

and low bit data rate.

(b) Transmit instrumentation and biomedical data from the EMU

during checkout in the LEM to the MSFN.

(c) Receive instrumentation and biomedical data from an EVA (near

the LEM) and transmit this data to the MSFN.

(d) Transmit low bit rate telemetry to the CSM.

3.5.3.3.2.3 Tracking and Tracking Aid The tracking and tracking

aid subsystem shall enable:

(a) MSFN to track the LEM.

(b) LEM to track the CSM.

(c) LEM to measure the velocity and range of the LEM relative to

the lunar surface or to a tracking aid on the lunar surface during

the descent to the lunar surface,
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3.5.3.3.2.4 Television The television subsystem shall be able to

transmit television pictures from the lunar surface to the

MSFN.

3.5.3.3.3 Coverage Capability

3.5.3.3.3.1 LEM-MSFN The LEM Communication and Tracking Sys-

tem shall be able to operate with the MSFN to achieve

the coverage specified in Table 3.7-2.

3.5.3.3.3.2 LEM-CSM The following line-of-sight communication

and tracking coverage between the LEM and the GSM

shall be provided:

(a) Two-way _oice communications from the docked position to a

range of 550 nm.

(b) LEM transmission of telemetry to the CSM whenever the CSM

is within a range of 300 nm.

(c) LEM tracking of the CSM whenever the CSM is within a range

of 400 nm except during LEM main engine powered maneuvers.

3.5.3.3.3.3 LEM-EVA The LEM shall be able to:

(a) Maintain a continuous 2-way voice communication capability

with one or two EVA's.

(b) Receive continuous EMU telemetry from an EVA.

Both requirements shall be met for line-of-sight ranges of 3 nm

on the lunar surface or 1 nm during flight.

3.5.3.3.3.4 LEM-Lunar Surface The tracking subsystem shall be

able to supply data to the LEM guidance and navigation

system from an altitude of 25,000 feet above the lunar surface when

working without a tracking aid on the surface and from a range of 20 nm

from a tracking aid.

3.5.3.3.4 Performance The LEM Communication and Tracking System

shall meet the requirements specified in Tables 3.5-4A and

3.5-4B
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3.5.3.4 Electrical Power Subsystem

3.5.3.4.1 General The LEM Electrical Power Subsystem (EPS) shall

distribute all the electrical power required by the LEM

during all phases of a 14-day mission up to the abandoning of the LEM.

The primary source of power shall be EPS batteries located in the ascent

and descent stages. In addition, the LEM EPS shall be capable of dis-

tributing power supplied to the LEM by the CSM during the translunar

and lunar orbit phases. The LEM EPS shall provide the power required

by the scientific equipment as specified in 3.5.7.

3.5.3.4.2 Sizing The power generation subsystem shall contain

four descent-stage batteries and two ascent-stage batteries.

In the event of failure of one ascent-stage battery the remaining ascent-

stage battery, in conjunction with any remaining descent-stage capacity,

shall have the capability of supplying all essential power loads for a

period sufficient to allow the LEM to return safely from any phase of the

mission to the CSM in lunar orbit.

3.5.3.4.3 Nominal Capacity The EPS shall be capable of generating

45 kwh of electrical energy from the descent-stage batteries

at a maximum rate of 3900 watts and 17 kwh of electrical energy from

the ascent-stage batteries at a maximum rate of 3200 watts.

3.5.3.4.4 Pyrotechnic Firing Circuits There shall be redundant means

for firing all pyrotechnic devices. All pyrotechnic firing

circuits shall be isolated from the main electrical subsystems.

3.5.3.4.5 Ground Support The EPS shall be capable of distributing

power from an external source during the prelaunch phase.

3.5.3.5 Integrated Navigation, Guidance and Control System

3.5.3.5.1 General The integrated navigation, guidance and control

system shall be composed of the LEM Primary Navigation

Guidance and Control System (PNGCS) and the LEM Stabilization and
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Control System (SCS) with common usage of some elements. These

systems shall provide a redundant navigation, guidance and control

capability.

The PNGCSand the SCSshall be capable of providing the

following functions for the LEM independent of data or commands from

sources external to the LEM.

(a) Navigation and guidance.

(b) Attitude control using the LEM RCS.

(c) Translation control using the LEM RCS.

(d) Thrust control and thrust vector control for the descent stage.

The PNGCS shall provide the capability for the navigation,

guidance and control functions during normal missions and those aborted

missions not involving failure of the PNGCS. The SCS shall provide the

capability of returning the LEM to lunar parking orbit in the event of

failure of the PNGCS.

3.5.3.5.1.1 The principal elements of the PNGCS shall be an IMU, a

digital computer, an optical subsystem and the displays

and controls needed for crew operation.

3.5.3.5.1.2 The principal elements of the SCS shall be gyroscopes

and acclerometers rigidly mounted to the LEM structure,

guidance electronics, control electronics and the displays and controls

needed for crew operation.

3.5.3.5.1.3 The LEM PNGGSand SCS shall:

(a) Provide displays and controls to permit normal crew operation

and performance monitoring of the systems. This includes

such functions as selection of modes of operation, insertion of operating

commands or data into the digital computer and initiation of automatic

operations.
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(b) Provide their functions automatically, once initiated, except

for SCStranslation control using the LEM RCS.

(c) Provide means to permit the crew to assume manual control of

the LEM. Included shall be the capability of attitude control,

start-stop control of the LEM engines, and thrust vector and thrust mag-

nitude control of the descent engine.

(d) Include a means for checkout on the launch pad, utilizing the

prelaunch checkout equipment. Means shall also be provided

for in-flight checkout and failure detection.

3.5.3.5.1.4 The PNGCS shall:

(a) Be capable of utilizing navigational data from the LEM rendez-

vous radar.

(b) Be capable of utilizing navigational data (altitude above the

lunar surface and velocity of the LEM relative to the surface)

from the LEM landing radar.

(c) Have a mode of operation which permits descent from the lunar

orbit and soft landing at a preselected landing point on the

lunar surface without the participation of the LEM crew except for

alignment of the LEM IMU.

(d) Provide the means so that the crew can make optical sightings

on celestial bodies for alignment of the PNGCS and SCS inertial

attitude references, both in flight and on the lunar surface.

(e) Provide means for the crew to redesignate the landing site

during powered descent.

(f) Enable the crew to align the PNGCS IMU and SCS inertial atti-

tude reference during the mission.

(g) Be capable of providing guidance to the spacecraft (CSM-LEM)

when using LEM descent propulsion as back-up to the SPS

propulsion (See 3.5.1.10).
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3.5.3.5.2 Accuracy Independent of lunar-based landing aids, the

PNGCS shall be capable of guiding the LEM to a preselected

landing site with a CEP of 0.5 nm, and with the use of a lunar-based

landing aid with a CEP of i00 ft.

3.5.3.6 Display and Control (D&C) Subsystem The requirements for

the LEM D&C subsystem are the same as those for the CSM

D&C subsystem specified in 3.5.2.6, except that 3.5.2.6.3 shall be

deleted.

3.5.3.7 Environmental Control Subsystem The LEM shall be equipped

with a nonregenerative ECS which shall provide a conditioned

atmosphere, thermal control and water management in support of the crew

in pressurized and unpressurized suits. The ECS shall also provide

thermal control of equipment where needed.

3.5.3.7.1 Extravehicular Operations The LEM ECS shall be designed

to support a total of 24 hours of extravehicular operations

on the lunar surface consistent with the requirements specified in

3.1.1.2.8 and 3.5.6.2.

3.5.3.7.2 Atmospheric Supply The LEM crew compartment shall be

supplied with pure oxygen. During LEM manned phases,

except for ingress and egress operations, the partial pressure of oxygen

shall not be less than 180 mm Hg and shall not exceed 300 mm Hg refer-

enced to 70°F dry bulb. The ECS shall be capable of maintaining a

cabin pressure not less than 3.5 psia for at least 2 minutes following a

0.5-inch diameter puncture.

3.5.3.7.2.1 Atmospheric Control Provisions shall be made for con-

trol of temperature, ventilation rates and humidity within

the range necessary to:

(a) Maintain the crew in biothermal equilibrium with sweat rates

not exceeding safe physiological limits.
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(b) Preclude condensation on any surface interior to the crew com-

partment which will impair equipment operation or crew per-

formance.

Provisions shall be made for limiting the concentration of toxic

and noxious gases and particulate matter to below those levels capable

of causing equipment malfunction or impaired crew performance.

3.5.3.7.3 Water Management The primary source of potable water

for the LEM ECS shall be water stored onboard at launch.

Arrangements shall be provided for storing waste water separately.

3.5.3.7.4 EMU Support The ECS shall incorporate arrangements to

provide intravehicular support for two astronauts in pres-

surized suits for a continuous period consistent with the requirements of

3.5. i. 20. The design shall be based on an energy expenditure not ex-

ceeding 800 BTU's/man/hour and a Respiration Quotient of 0.85.

3.5.3.8 Crew Equipment

3.5.3.8.1 General The LEM shall contain provisions and equipment

necessary to protect and sustain the crew. The support

period shall cover the time required for checkout of the LEM plus 48

hours of separate LEM operation.

3.5.3.8.2 Support and Restraint The support and restraint subsystem

shall provide crew protection against injury for all antici-

pated accelerations.

3.5.3.8.3 Illumination Provisions shall be made for control of illu-

mination to facilitate accurate reading of instrumentation,

adjustments to equipment and operation of controls under any external

lighting conditions which may be encountered during LEM checkout and

operations.

3.5.3.8.4 Food and Water The LEM shall be designed to accommo-

date quantities of food and potable water adequate for four

man-days operation based on a metabolic rate of 18,000 BTU's/man/day
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and a Respiration Quotient of 0.85. The design shall provide for: (a)

control of bacterial growth during storage, and (b) oral ingestion of food

and water by crew members in pressurized suits. The composition of

food shall result in a low-bulk residue which is free from detrimental

waste products. The water management shall be provided as specified
in 3.5.3.7.3.

3.5.3.8.5 Waste Management Provisions shall be made for the

collection and disinfection of biological excretions. An

effective method of confinement or sterilization shall be employed to

ensure that untreated biological waste does not become free residue in

space or on the lunar surface.

3.5.3.8.6 Medical Supplies The first aid equipment, drugs and

medical supplies provided shall be compatible with the

crew, equipment, other supplies and the environment.

3.5.3.8.7 Biomedical Instrumentation Instrumentation shall be provided

to monitor the physiological parameters of each crewman as

given in MSF Instruction MIM 7000.029.

3.5.4 Launch Escape System

3.5.4.1 The LES shall be capable of removing the CM from a mal-

functioning space vehicle and providing sufficient separation

distance to ensure crew safety without exceeding astronaut tolerances

or the structural limit of the CM/LES. It shall provide terminal condi-

tions for the CM which permit safe entry into the lower atmosphere and

deployment of the Earth Landing System (ELS).

3.5.4.2 The LES shall provide abort capability from crew entry into

the CM until shortly after second stage ignition when the LES

shall be jettisoned. The LES shall be capable of separating from the

space vehicle during a normal mission without degrading space vehicle

performance.
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3.5.5 Adapter

3.5.5.1 General The Adapter shall structurally and functionally adapt

the spacecraft to the launch vehicle and provide a protective

housing for the LEM.

3.5.5.2 Access The Adapter shall be designed to provide access to

the LEM during the prelaunch phase.

3.5.5.3 Deployment The Adapter shall be designed to permit CSM/

Adapter separation, docking and extraction of the LEM, and

shall not interfere with launch vehicle or spacecraft communications.

3.5.6 Extravehicular Mobility Unit

3.5.6.1 General EMU's of anthropomorphous design shall be pro-

vided for the crew. Each EMU shall incorporate the features

of protection, life support, communications, visibility and mobility to

accomplish the requirements specified in 3.1.1.2.8. The EMU's shall

be designed to work in conjunction with the ECS as specified in 3.5.2.7

and 3.5.3.7.

3.5.6.2 Extravehicular Each EMU shall provide to a single crewman

the capability for 4 hours continuous separation from space-

craft modules while in space or on the lunar surface. The time to com-

pletely replenish one EMU from LEM supplies shall not exceed 1 hour.

The EMU's shall permit two crewmen to be extravehicular at the same

time, and shall provide the capability for a total of 24 hours extravehicu-

lar operations when supported by the LEM EGS as specified in 3.5.3.7. I.

During extravehicular operations, each EMU shall:

(a) Provide protection against the natural environment as given in

(b)

of 0.85.

3.0, 4.0 and 5.0 of M-DE 8020.008B.

Provide life support and mobility based on an average energy

expenditure of 1200 BTU's/man/hour and a Respiration Quotient
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(c)

(d)

Provide the capability for communications with the CSM as

specified in 3.5.2.3, and the LEM as specified in 3.5.3.3.

Provide the capability for voice communication with another

extravehicular astronaut.

Permit ingress and egress through all spacecraft hatches.

Intravehicular In conjunction with spacecraft systems, the

EMU's shall provide intravehicular support to the crew in an

unpressurized cabin for the period required to return safely to Earth from

any point in the mission. During intravehicular operations, each EMU

shall:

(a) Provide the communications capability specified in 3.5.2.3 and

3.5.3.3.

(b) Provide the capability for each of three crewmen to simulta-

neously don the pressure protection components within 15

minutes without assistance from, or interference to, the other crew

members while the spacecraft is in a stabilized mode.

3.5.7 Scientific Payload The scientific payload shall be designed

to endure and operate in the environments of the lunar mission

as stated in 3.0, 4.0 and 5.0 of M-DE 8020.008B.

The scientific payload to be returned to Earth by the CM shall

not exceed 80 pounds.

The scientific payload carried in the LEM to the lunar surface

shall not exceed 250 pounds and shall not require more than 2,400 watt-

hours D.C. of LEM-supplied energy. The peak load shall not exceed

1,000 watts D.C.

The scientific payload to be returned from the lunar surface to

lunar orbit by the LEM shall not exceed 80 pounds.

209-774 0 - 66 - 5
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3.5.8 Flight Crew Training Equipment The flight crew training equip-

ment shall be designed to:

(a) Facilitate the attainment and maintenance of the crew skills

necessary to assure the effective, reliable and safe operation

of the space vehicle and its subsystems in both normal and contingency

modes of operation for the entire mission.

(b) Allow the crew to develop the scientific and technical compe-

tence required to understand the principles of operation of the

space vehicle, to assist in evaluation and development of the space

vehicle, to understand and perform scientific experiments in space and

on the lunar surface.

(c) Familiarize and condition the crew to the environments of space

flight and lunar operations including contingency situations.

(d) Permit evaluation of crew proficiency.

Existing facilities and equipment, or facilities and equipment

procured for development, testing, or operational phases of the Program

shall be utilized to meet the training requirements whenever practicable.

Additional requirements for flight crew training equipment are

contained in Section 15.4 of the Apollo Program Development Plan,

NPC C500.

3.6 Launch Area

3.6.1 General

3.6.1.1 The launch area shall consist of the Launch Complexes 34,

37 and 39, and the direct launch support facilities for these

launch complexes. Launch Complex 34 (LC 34) and Launch Pad B of

Launch Complex 37 (LC 37B) shall provide the capability for launching

the Saturn IB. Launch Complex 39 (LC 39) shall provide the capability

for launching the Saturn V.
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3.6.1 °2 The direct launch support facilities shall include: The

Operations and Checkout Building and associated facilities

where the Apollo spacecraft shall be prepared for mating with either the

Saturn IB or Saturn V launch vehicle; the Central Instrumentation Facility

(CIF} which shall provide centralized instrumentation and data proces-

sing support; and the Central Telephone Office which shall provide the

switching for communications required among facilities of the launch

area and between the launch area and other NASA centers.

3.6.1.3 In addition to the direct launch support facilities specified

here, the ETR shall be relied on to provide services to the

launch area in accordance with the "Webb-McNamara Agreement, " dated

January 17, 1963o

3° 6.1.4 The launch area shall be capable of supporting the Apollo

Saturn IB and Apollo Saturn V launch-rate requirements as

specified in the Apollo Flight Mission Assignments document, M-D

MA 500-11.

3°6.2 Space Vehicle Checkout Systems Launch Complexes 34, 37,

and 39 and the Operations and Checkout Building shall utilize

checkout equipment capable of effecting independent checkout of the

spacecraft and the launch vehicle and of performing compatible con-

current spacecraft and launch vehicle operations effecting automated

checkout of Apollo Saturn IB and Apollo Saturn V space vehicles° As far

as possible, the checkout equipment for the Apollo Saturn IB shall be

identical to that to be used for the Apollo Saturn V° In addition, the

spacecraft and launch vehicle checkout systems shall:

(a) Provide automatic, semi-automatic and manual modes of

operation with provisions for manual intervention of automated

routine s °
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(b) Utilize general purpose digital computers capable of adapting

to possible hardware and parameter changes.

(c) Be capable of comparing measured data on a real time basis

against predetermined limits to provide out-of-tolerance

indications and warning of hazardous space vehicle conditions.

(d) Make maximum use of space vehicle telemetry systems to

conduct preflight checkout.

(e) Incorporate a self-test and verification capability.

(f) Be capable of verifying system integrity through the use of

hardware or software simulators prior to use on flight hardware.

(g) Provide the capability for recording digital and analog data for

immediate recall or use in postflight analysis.

3.6.3 Launch Complexes 34 and 37B LC 34 and 37B shall include

three major items: the launch pad and umbilical tower, the

service structure and the Launch Control Center (LCC).

LG 37B shall provide the capability for on-pad assembly, prepara-

tion and launch of manned and unmanned Apollo Saturn IB space vehicles

that include the LEM. LC 34 shall provide the same capability except

LEM capability is not required.

The capability shall be provided to continue those services and

operations necessary to support a launch hold of up to 12 hours occurring

after completion of propellant loading.

LC 34 and 37B shall be designed to permit the launching of an

Apollo Saturn IB during the 95 percentile peak surface wind conditions

given in 2.3.2.3 of M-DE 8020. 008B.

3.6.3.1 Launch Pad and Umbilical Tower The launch pad and umbili-

cal tower shall receive the space vehicle and provide support

to the space vehicle during assembly, preparation, checkout and launch.
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The launch pad and umbilical tower shall provide for:

(a) Automated checkout of the space vehicle in conjunction with

equipment located in the LCC and the Operations and Checkout

Building.

(b) Applying servicing lines to the space vehicle.

(c) Ingress to and egress from the CM.

(d) Rapid emergency egress from the vicinity of a malfunctioning

space vehicle.

(e) Protection of the space vehicle and umbilical tower support

systems from lightning damage whenever the service structure

is not in place a_ the !aun_h pad.

3.6.3.2 Service Structure The service structure shall provide:

(a) Personnel access and means for erecting and servicing the

space vehicle.

(b) Protection for the space vehicle during maximum peak surface

wind conditions given in paragraph 2.3.2.2 of M-DE 8020. 008B.

The service structure shall be capable of moving to a safe distance

from the launch pad prior to launch.

(c) Protection of the space vehicle and service structure support

systems from lightning damage whenever the service structure

is in place at the launch pad and protection of service structure support

systems at all other times.

3.6.3.3 Launch Control Center The LCC shall provide the capability

for:

(a) Centralized control and monitoring of space vehicle test opera-

tions, countdown, launch and early flight phases.

(b) Continuous evaluation of the status of the launch complex and

the space vehicle.

(c) Display of spacecraft status data received from the Operations

and Checkout Building.



March I, 1966 58

(d) Supplying status information to Huntsville Operations Support

Center (HOSC) and the MOO.

(e) Transmitting EDS data, checkpoint status data, countdown

timing and checkout priority information to the Operations and

Checkout Building,

(f) Supporting in-flight checkout of S-IVB/IU in Earth orbit.

3.6.4 Launch Complex 39 LC 39 shall include the following major

items: the Vertical Assembly Building (VAB); the Launcher-

Umbilical Tower (LUT); the Crawler Transporter; the launch pads; the

Arming Tower and the Launch Control Center (LCC).

LC 39 shall be constructed in accordance with a "mobile con-

cept" of launch operations, embodying the basic principle of vertical

assembly and checkout of the Apollo Saturn V in the VAB aboard a LUT

and transfer of the space vehicle in an erect position to the launch pads.

LC 39 shall have the capability for:

(a) Preparing and launching manned and unmanned Apollo Saturn

V space vehicles.

(b) Supporting a launch for the duration of the launch window.

(c) Continuing those services and operations necessary to allow a

launch during the comparable launch window on the day follow-

ing a launch hold.

3.6.4.1 Vertical Assembly Building The VAB shall have the capability

for:

(a) Receiving, handling and supporting the individual launch

vehicle stages, IU and assembled spacecraft.

(b) Vertical assembly of the complete Apollo Saturn V space

vehicle aboard the LUT in a protected and controlled environ-

ment.
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(c) Automated testing, verification and checkout of the space

vehicle by equipment located in the LCG and the Operations

and Checkout Building.

3.6.4.2 Launcher-Umbilical Tower The LUT shall provide:

(a) Automated checkout of the space vehicle in the VAB and on the

launch pad in conjunction with equipment located in the LCG

and the Operations and Checkout Building.

(b) Servicing for the space vehicle.

(c) Ingress to and egress from the CM.

(d) Personnel access to the space vehicle.

(e) Rapid emergency egress from the vicinity of a malfunctioning

space vehicle.

(f) Protection from lightning damage prior to launch.

When secured at the launch pad, the LUT shall be capable of

supporting the space vehicle in the 99.9 percentile peak surface wind

conditions given in 2.3.2.1 of M-DE 8020. 008B. The LUT shall permit

launching the space vehicle during 95 percentile peak surface wind

conditions given in 2.3.2.3 of M-DE 8020. 008B.

3.6.4.3 Crawler Transporter The Crawler Transporter shall have the

capability for:

(a) Lifting, transporting and positioning the LUT and the space

vehicle (unfueled and unpressurized) without exceeding the

free-standing or flight load capability of the space vehicle.

(b) Lifting, transporting and positioning the Arming Tower.

(c) Providing electric power and grounding for the LUT and Arming

Tower during transport.

The Crawler Transporter shall be capable of transporting the

LUT and space vehicle or the Arming Tower during the 99 percentile

peak surface wind conditions given in 2.3.2.3 of M-DE 8020.008B.
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The Crawler Transporter shall be capable of supporting the

LUT and the space vehicle in the 99.9 percentile peak surface wind

conditions given in 2.3.2.1 of M-DE 8020. 008B while stopped between

the VAB and the launch pad.

3.6.4.4 Launch Pads The launch pads shall provide for supporting

final preparation and launch of the space vehicle including

propellant loading, final checkout and countdown. The capability shall

be provided for both day and night launches.

The launch pads shall be designed and located so as to per-

mit concurrent preparation of space vehicles on adjacent pads.

3.6.4.5 Arming Tower The Arming Tower shall provide 360 ° access

to the space vehicle for:

(a) Loading of spacecraft propellants, high-pressure gases and

fuel cell cryogenics.

(b) Final ordnance installation and servicing of subsystems not

accessible from the LUT.

The Arming Tower shall be capable of transport by the Crawler

Transporter in the 99 percentile peak surface wind conditions as given in

2.3.2.3 of M-DE 8020.008B. While secured to the launch pad, the capa-

bility shall be provided for withstanding the 99.9 percentile peak surface

wind conditions as given in 2.3.2.1 of M-DE 8020.008Bwithout imposing

a load on the space vehicle. The Arming Tower shall provide lightning

protection for the space vehicle whenever the Arming Tower is in place

at the Launch Pad and lightning protection for Arming Tower support

systems at all times.

3.6.4.6 Launch Control Center The LCC shall provide the capability

for:

(a) Centralized control and monitoring of space vehicle test

operations, countdown, launch and early flight phases.
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(b) Continuous evaluation of the status of the launch complex

and the space vehicle.

(c) Display of spacecraft status data received from the Operations

and Checkout Building.

(d) Supplying status information to HOSC and the MCC.

(e) Transmitting EDSdata, checkpoint status data, countdown

timing and checkout priority information to the Operations and

Checkout Building.

(f) Supporting in-flight checkout of S-IVB/IU in Earth orbit.

(g) Conducting concurrent countdowns for two space vehicles.

3.6.5 Direct Launch Support Faciiities

3.6.5.1 Operations and Checkout Building The Operations and

Checkout Building shall:

(a) In conjunction with associated facilities, have the capability

for conducting the test, preparation, assembly and checkout of

the spacecraft modules and the spacecraft prior to mating with the launch

vehicle.

(b) Provide a central point for conducting and monitoring space-

craft preparation activities.

(c) Perform automated checkout of the spacecraft during operations

at LC 34, 37Band 39.

(d) Process and transmit spacecraft status data, including check-

point status data and spacecraft checkout priority information,

to the appropriate LCC for real time display.

(e) In conjunction with the CIF and the launch area MSFN site,

have the capability for monitoring spacecraft and astronaut

performance during launch.

(f) Provide spacecraft status information to the MCC.
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3.6.5.2 Central Instrumentation Facility The CIF shall provide the

capability for:

(a) Recording and processing data received via hardwire and rf

links from the space vehicle and ground systems of the launch

complexes, ETR and the launch area MSFN station.

(b) Transmitting real time and processed data for display to the

LCG, MGG, Operations and Checkout Building, HOSC and

Goddard Space Flight Center (GSFG).

(c) Receiving timing signals from the ETR and distributing the

signals to the launch area as required and to the MGC and

HOSC until launch.

(d) Conducting and monitoring launch area rf interference tests.

(e) Processing and providing tracking data to the ETR for range

safety purposes.

3.6.5.3 Central Telephone Office The Central Telephone Office

shall:

(a) Provide a flexible means for switching and transmitting all

operational data among the launch complexes, the Operations

and Checkout Building, the GIF, the ETR (Gape Kennedy) and the launch

area MSFN site.

(b) Provide the interface for all operational communications

between the launch area, and the MGG, HOSG, GSFG and ETR.

3.7 Manned Space Flight Network

3.7.1

(a)

(b)

General The MSFN shall have the capability for:

Providing communications between the MCC and the space

vehicle.

Providing tracking data to determine the position and velocity

of the space vehicle.
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(c) Backup flight control at those stations where communications

do not permit reliable flight control from the MCC.

(d) Recording pertinent voice and data communications during a

mission.

(e) Synchronizing time between MSFN stations and between MSFN

stations and the space vehicle.

(f) Conducting training exercises.

The communication and tracking network for Apollo shall make

full use of the communication and tracking services, including range

safety, to be supplied by the National Range Division of the Depart-

ment of Defense.

Functional Capability

Voice Communications The voice communications subsystem

shall enable:

(a) Duplex voice communications between the CSM and MCG or

between the GSM and MSFN station as per 3.7.1 (c).

(b) Duplex voice communications between the LEM and MCC or

between the LEM and MSFN station as per 3.7.1 (c).

(c) Conferencing between the LEM, CSM and MCC or between the

LEM, CSM and MSFN station as per 3.7.1 (c).

(d) Two-way voice communications between the CSM and LEM

using the MSFN as a relay.

(e) Reception of recorded voice from the CSM without interrupting

normal voice communications.

(f) Reception of manually-keyed transmission from the CSM and

LEM.

(g) Two-way voice communications between MCC and an EVA re-

layed by the CSM or LEM.
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3.7.2.2

(a)

(b)

(g)

3.7.2.3

(a)

3.7.2.4

(h) Duplex, 4-wire voice communications between MSFN stations

and MCC.

Telemetry The telemetry subsystem shall be able to receive:

High or low bit rate operational data from the CSM.

Recorded telemetry from the CSM at the high bit rate simul-

taneously with (a).

(c) High or low bit rate operational telemetry from the LEM simul-

taneously with (a) and (b).

(d) Operational telemetry from each stage of the launch vehicle

and the IU simultaneously with (a) and (b).

(e) Engineering data from the space vehicle.

(f) Instrumentation and biomedical data from an EVA relayed by the

CSM or the LEM.

Scientific data from the CSM and LEM.

Tracking The tracking subsystem shall be able to:

Track in angle, range and range rate the transponders in the

CSM and LEM to lunar distances.

(b) Track the transponders in the launch vehicle in angle, range

and range rate during the launch phase.

(c) Track in angle and range the IU transponders in Earth orbit.

(d) "Skin" track the space vehicle in Earth orbit.

(e) "Skin" track the CM during entry.

(f) Provide sampled tracking data for transmission to the MCC and,

where required, for on-site computation.

Digital Command Communications The Digital Command

Communications Subsystem (DCCS) shall be able to:

(a) Transmit up-data sequentially to the CSM and the IU.

(b) Monitor and verify the transmission of up-data to the space

vehicle.
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(c) Receive from the telemetry subsystem verification of accurate

receipt of up-data at the CSM and the IU.

(d) Transmit verification signals received from the CSM and the IU

to MCC.

(e) Be controlled by the display and control subsystem at the site

or remotely from the MCC.

3.7.2.5 Television The television subsystem shall be able to:

(a) Receive and record television transmission from the CSM and

the LEM.

(b) Transmit television received from the spacecraft to MCC from

the MSFN station at Goldstone.

3.7.2.6 Display and Control The display and control subsystem

shall be able to:

(a) Display selected mission information to flight control personnel.

(b) Control up-data transmission.

(c) Have access to all LEM, CSM and S-IVB/IU tracking and opera-

tional telemetry data at the site.

(d) Control voice communications between the CSM, LEM and the

MCC or on-site flight control personnel.

3.7.2.7 Data Processing The data processing subsystem shall be

able to:

(a) Process and format space vehicle tracking and operational

telemetry information for use in the display and control sub-

system or for transmission to MCC.

(b) Identify to the display and control subsystem and to the MCC,

designated parameters that have exceeded specified limits.

(c) Provide backup for the DGCS.

3.7.2.8 Timing A timing subsystem shall be provided at MSFN sites

to act as a source for timing signals necessary to condition

and process tracking and telemetry data. The timing subsystem at these
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sites shall be capable of being synchronized with the United States

National Standard of Frequency and Time-Interval (WW-V). Synchroniza-

tion with the National Standard shall be capable of being maintained to

within 0.1 millisecond at each station. The basic clock frequency dif-

ference between stations shall be maintained to less than 2 parts in

1010 plus a random component of 5 parts in 1011

3.7.3 Coverage Capability The MSFN station in the launch area

shall be able to support the prelaunch checkout of the space

vehicle on the launch pad.

The MSFN shall provide the coverage capabilities for:

(a) CSM as specified in Table 3.7-1.

(b) LEM as specified in Table 3.7-2.

(c) Saturn V launch vehicle as specified in Table 3.7-3.

(d) Saturn IB launch vehicle as specified in Table 3.7-4.

3.7.4

3.5.3.3.

Performance The MSFN shall operate with the space vehicle

subsystems as specified in 3.3.5, 3.4.5, 3.5.2.3 and

During the launch phase, the MSFN in conjunction with ETR

and launch area instrumentation shall provide the tracking data needed

to satisfy requirements for flight control, range safety and engineering

data.

The part of the MSFN using equipment operating in C-band

shall provide angular and range data to the maximum design range of

that equipment. The errors in the data due to noise shall not exceed

1.0 milliradian for angular measurements or 60 ft. for range measure-

ments (one standard deviation values - the errors due to noise are, by

definition, Gaussian distributed with zero mean). Bias errors in these

measurements shall not exceed twice the value of the errors due to noise.
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The MSFN, using Unified S-band equipment, shall provide

range, range rate and angular measurements to lunar distances. Errors

(one standard deviation values) due to noise shall not exceed 0.8

milliradian for angular measurements, 60 ft. for range and 0.1 fps for

range rate measurements. Bias errors in these measurements shall not

exceed twice the value of errors due to noise. Ranging and data ac-

quisition times for Unified S-band equipment shall not exceed one

minute from the time line-of-sight is established between the space

vehicle and the MSFN station.

3.8 Mission Control Center

3.8.1 General The MCC shall provide the capability for directing

and coordinating the overall mission from the decision to start

mission operations until all phases of the mission are completed. It

shall provide the capability for detailed monitoring, evaluation and

control of the flight during all phases from liftoff until touchdown.

The MCC shall also provide the capability for conducting simulated

missions.

The MCC shall have the capability of supporting:

(a) One real and one simulated mission simultaneously.

(b) The mission schedule outlined in Apollo Flight Mission Assign-

ments, M-D MA 500-11o

The MCC shall have the capability of providing a central control point

for:

(c) The direction of mission operations and resources allocation.

(d) The evaluation of crew status.

(e) The collection and evaluation of weather and space environ-

ment information.

(f) The release of public information.
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The MCC shall provide the capability for performing the functions of

monitoring, evaluating and controlling the following:

(g) Flight operations and procedures.

(h) Space vehicle trajectory.

(i) In-flight performance of space vehicle systems including con-

sumable s remaining.

(j) Status and performance of the MSFN.

The major systems of the MCC are: Communications, Display

and Control, Simulation Checkout and Training and Real Time Computer

Complex.

3.8.2 Communication System The system shall provide for the MCC

the capability for:

(a) Termination of all circi_its carrying teletype, voice, television

and high speed and wideband data to and from NASA facilities

providing direct support of the mission.

(b) Termination of other govenment circuits carrying voice, fac-

simile and teletype for recovery, weather and administrative

purpose s.

(c) Termination of commercial circuits carrying television and

voice transmission for public information.

(d) Switching, storage and formatting of data and messages.

(e) Secure command transmission.

(f) Furnishing internal voice, hard-copy and public address com-

munications.

3.8.3 Display and Control System The system shall provide the

capability for:

(a) Selecting and displaying on individual monitors and large dis-

plays for group coordination raw, processed and reference

data in standard formats.
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(b) Initiating commands.

(c) Generating primary time bases for the mission and events

within the mission.

3.8.4 Simulation, Checkout and Training System The system shall

provide the capability for:

(a) Simulation of the operational environment external to the MCC.

(b) Coordination and control of the Mission Simulators at both

Kennedy Space Center and Manned Spacecraft Center and the

part of the Real Time Computer Complex assigned to the simulation.

(c) Checkout of MSFN, Apollo Launch Data System (ALDS) and

MCC.

3,8,5 Real Time Computer Complex The Real Time Computer Com-

plex shall provide the capability for:

(a) Generation of data for command and updating onboard informa-

tion.

(b) Generation of acquisition data for MSFN.

(c) Smoothing and predicting of trajectory and system performance

data.

(d) Computation of decision parameters.

{e) Simulation computations.

(f) Automatic warning of out-of-tolerance conditions.

Z09-774 0 ~ 66 - 6
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4.0 Quality Assurance

4.1 General Program performance, design and reliability require-

ments for accomplishment of manned lunar landing missions shall

be achieved, maintained and verified by rigorous application of an inte-

grated quality assurance and test program. The control and verification

by test and inspection of identifiable performance parameters which

affect the quality of Program equipment is mandatory for achievement of

mission requirements. Adherence to design requirements and standards,

and historical recording of the known condition of all Program equipment

is required to assure that maximum developmental and corrective know-

ledge and data will be obtained from the test hardware provided.

4.2 Quality Assurance The integrity of program and project level

performance, design and reliability requirements shall be main-

tained through the application of controls and disciplines specified in

Section 10 of the Program Development Plan and in the Apollo Reliability

and Quality Assurance Program Plan.

4.3 Program Performance Testing Program performance testing as

prescribed by NPC 500-10 is required to assure accomplishment

of the manned lunar landing missions. Specific application of this

document for testing of Program equipment is as follows:

Category of Hardware

Systems Compatibility

All-Systems Test

Ground Qualification Tests

Ground Equipment Checkout Tests

Space Vehicle Checkout

Flight Verification Tests

NPC 500-10 Requirements

Section 3.5.3

Section 3.5.5

Section 3.6

Section 3.9

Section 3.10

Section 4.5
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6.0 Acronyms and Abbreviations

ACE

AGC

ALDS

ALSEP

AM

amp-hr

APO

APS

AS

BLK

BTU

CCS

CEI

CEP

cg

CIF

cm

CM

cps

CSM

CW

db

DCCS

D&C

DECOM

DF

DoD

DPS

DSB

Acceptance Checkout Equipment

Apollo Guidance Computer

Apollo Launch Data System

Apollo Lunar Surface Experiments Package

Amplitude Modulation

ampere -hour

Apollo Program Office

Apollo Program Specification

Apollo Saturn

Block

British Thermal Unit

Command and Communication System

Contract End Item

Circular Error Probable

center of gravity

Central Instrumentation Facility

centimeter

Command Module

cycles per second

Command/Service Module

Continuous Wave

decibels

Digital Command Communications Subsystem

Displays and Controls

Decommutator

Direction Finder

Department of Defense

Descent Propulsion System

Double Sideband
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DSBAM

ECS

EDS

ELS

EMU

EPS

ETR

EVA

F

o F

FM

fps

ft

g

GSE

GSFC

HF

Hg

HOSC

IMU

Isp

IU

kc

KSC

kwh

lb

LC

LCC

LEM

LES

Double Sideband Amplitude Modulation

Environmental Control Subsystem

Emergency Detection Subsystem

Earth Landing System

Extravehicular Mobility Unit

Electrical Power Subsystem

Eastern Test Range

Extravehicular Astronaut

Thrust

Degrees Fahrenheit

Frequency Modulation

feet per second

feet

gravitational acceleration

Ground Support Equipment

Goddard Space Flight Center

High Frequency

mercury

Huntsville Operations Support Center

Inertial Measurement Unit

specific impulse

Instrument Unit

kilocycles per second

Kennedy Space Center

kilowatt hours

pound

Launch Complex

Launch Control Center

Lunar Excursion Module

Launch Escape System
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LH 2

LOR

LUT

mc

MCC

MCP

mcw

MILA

Mi strata

mm

,,.MH

mr

MSF

MSFN

N

N&G

nm

NRZ-C

ODOP

OMSF

PAM

PCM

PDP

PIP

PM

PNGCS

psi

psia

PSK

liquid hydrogen

Lunar Orbit Rendezvous

Launcher-Umbilical Tower

megacylces per second

Mission Control Center

Mission Control Programmer

modulated continuous wave

Merritt Island LaunJcl_ Area

Missile Trajectory Measurement

millimeter

Monomethylhydrazine

milliradian

Manned Space Flight

Manned Space Flight Network

North

Navigation and Guidance

nautical mile

Non-Return to Zero - Type C

Offset Frequency Doppler

Office of Manned Space Flight

Pulse Amplitude Modulation

Pulse Code Modulation

Program Development Plan

Pulse Integrating Pendulum

Phase Modulation

Primary Navigation, Guidance and

Control System

pounds per square inch

pounds per square inch absolute

Phase Shift Keying
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RCS

R&D

rf

RFI

RQ

S

SC

SC AT S

SCI EQUIP

SCS

sec

SM

SPS

SSBAM

SS/FM

TV

UDMH

UHF

USB

AV

VAB

VHF

Reaction Control Subsystem

Research and Development

Radio Frequency

Radio Frequency Interference

Respiration Quotient - ratio of CO 2 produced

to O 2 consumed by volume

South

Spacecraft

Simulation, Checkout, and Training Subsystem

Scientific Equipment

Stabilization and Control System

second

Service Module

Service Propulsion Subsystem

Single Sideband Amplitude Modulation

Single Sideband Amplitude Modulation

Frequency Modulated on carrier (SSBAM/FM)

Television

Unsymmetrical Dirnethylhydrazine

Ultra High Frequency

Unified S-Band

Incremental Velocity

Vertical Assembly Building

Very High Frequency
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TABLE 3. 3 - 1

OPERATIONAL SATURN IB LAUNCH VEHICLE COMMUNICATION AND IRACKING REQUIREMENTS

STAGE

SUBSYSTEM

S-IB

TELEMETRY

S-IV6

COMMAND DESTRUCT

TRACKING

TELEMETRY

EQUIPMENT

IMPLEMENTATION

pEM/EM TELI_AETER

EM/FM TELEMETER

NUMBER

OF UNITS

OnE

OnE

,\/\ /\/\ /\/\

/_/ ,-

RECEIVER EMU DECODER

ODOP TREMSPUHDER

EMO

ONE

OPERATING FREQUENCY

TRANSMIT RECEIVE

225-260 M¢

225-2B0 Mc

HOO-qso Wm

UHF UHF

225-200 HC

ANTENNA SUBSYSTEM

OMI!I-DI RECTtoNAL

MULTIPLEXED WITH OUTPUT

OF S-IN PCM/FM TELEMETER

_MU/\ /'\ /_
LTIPLEXED WITH OUTPUT

OF S-Ill PCM/FW TELEMETER

\/ \/ \/

._,LERE_T.ou,_

OWN1-01RECTI ORAL

FIXED DIRECTIONAL

CON_ANqDDESTRUCT

INSTRUMENT UNIT

TELEMETRY

PCMIEM TELBdETER

\/\/_-/k

_,_TELEMq_N q

RECEIVER AND DECODER

ONE

225-260 Mc

qOO- N50 Wc

OMUI-DIRECTIDNRL

_JI_LTLTIPLEXEDWITH OUTPUT

C_,,,_,_EM_,ELEM2R

OtNNI-OIRECTIOUAL

UP-DATA

'\/ \ /\ /\ ,_

/_ CONIMAND DESTRUCT

,c/ \/ (EXPERIMENTAL)
\ X \/ \ / \

TRACKING

PEM/EM TELmETER ONE

mlFII TELEMET'EII ONE

x v \/'/%/\/ _TELC_'\/ \/\ /

RECEIVER A DECODER

'R yAND#COOERV
C-GAqD

RADAR TRAHSPUHDER

ONE

ONE

ORE

x -K,

CoPkHn

NCO-HCO Mc

C..DANO

OM_I-UIRECTIONRL

MULTIPLEXED WITH OUTPUT
OF IU VHF PON/EM TELEMETER

\/ \# '\ f

MULTIPLEXED WITH OUTPUT

OF IU VHF P_M/EM TELEMETER

v \/ \,

VAJLTIPLEXED WITH

0\,uVHF_,..OUTPUTI, _L_ETER,.

ONNI -O IRECT ISHAL

\/_ /\ /

/k_°CECTT\
ONNI -D t RECTI ORAL

AZUSA TRJHSPUNDER OMUI-OIRECTIONkL

MODULAr ION CHARAC]_RI STICS

A ,% ELEV, ,ON
'X V" X/\/\ ._

W&'rE$:

I, THIS TELB4ETRY SUBSYSTEM SHALL BE

COMPATIBLE WITH THE INTER RANGE

INSTRUMENTATION GROUP STANDARDS

(iRIG DOCUMEMT NO. lOB-GO.

"TELBIETRY STANDARDS REVISED 1962")

2. ALL PCN TELEMETRY SUGSYSTE)AS SHALL

BE DESIGNED TO PROVIDE AN ERROR

RATE NOT EXCEEDING ONE BIT IN I0 A

BITS FOR TRANSMISSIONS TO THE MSFN

kS MEASURED FROM LAUNCH VEHICLE

ENCODER TO EARTH-BASED DECODER.

3. THIS PCM TELEMETRY sUBSYSTEM SHALL S.

bE CAPABLE OF TRANSMITTING THE PEW

BIT STREAM REQUIRED FOB REAL-TIME USE

VIA COAXIAL CABLE TO THE CHECKOUT

FACILITY PRIOR TO LIFT-OFF AND VIA

AN RF LINK PRIOR TO AND AFTER LIFT-OFF.

N. THIS TELEMETRY SUDSYSTB4 SHALL
TRANSMIT DATA REQUIRED ONLY FOR B.
POST-MISSION ANALYSIS VIA AN RF

LINK.

PEM/EM

THE UP-DATA SUBSYSTEM SHALL BE DESIGNED

IN CONJUNCTION WITH STATIONS OF THE MSFN

SUCH THAT NO MORE THAN ONE CORRECT

MESSAGE SHALL BE REJECTED PER I000

CORRECT MESSAGES AMO THAT NO MORE THAN

ONE PER I0 H INCORRECT MESSAGES SHALL

BE ACCEPTED.

PCM/EM

\/\ ,/X/\,

REMARKS

• SEE NOTES l, 2 AND 3

) PCM HIT RATE S!IALL BE 72 KILORITS/SECONO

!• SEE NOTES I AND q

• PAN/EM/EM MODULATION UTILIZED OURIR_ R i D FLIGHT
PROGRAM

/_/_ . ,

\,&

• THIS SYSTE_MSHALL HE COMPATIBLE WITH RANGE SAFETY COMHAHD

TRANSMITTERS INSTALLED AT STATIONS OF THE ETR.

• SEE NOTES I, 2 AND R

) PEW BIT RATE SHALL BE 72 KILORITS/SECOND

'% n , |

tSEE NOTES I/EMD q ,/_ ,/'_ ,/_ ,'_ /

qPAN/EM/F'M MUOULATIDH UTILIZED DURING R l D FLIGHT

",,_;AN \ /\ /\/\/\/\

r -X

PSEE_

)THIS SYSTEM SHALL RE COMPATIBLE WITH RANGE SAFETY CONMEMD
TRANEMITTERS INSTALLED AT STATIONS OF THE ETR.

PEM/m

EMIEM

' \i ' \hC/Y/-<-;Y

PSR/EM

PULSE

HSEE NOTES I. 2 AND 3

)PEM BIT RATE SHALL BE 72 KILONITSISECOND

|SIT STREAM SHALL COHTAIH ALL S-IVR/IU MISSION CONTROLr)ATA

,s_,.TES',.,',,o_/ V" Y k/
OEXPERIMENTAL SYSTEM % _'_ / _ / \ /_

dl#Pu_ NIT RATE SHALL HE 72 KILOHITS/SECOUD V \/

_RIT _TRfcAM SlI_LI._ BE IOENTICAL _ITH IU VlIF "PCM/EM.TELEIMETE!

• SEE MUTES I AND I

{ X?<hC/YXhC
• SUBCODED S-BIT _RDS AT tO00 BITS/SECOND

• SEE NOTE 7

9, THIS SYSTEM SHALL'BE CONPATI'GLE I_ITH RANGE ._

SAFETY COMMAND TRAIt_I4iTTERS INSTALLEO AT \ /
STATIONS OF THE ETR. V

• PASSENGER TEST SA-20I ONLY" '_ / _ /'_

• UTILIZES COOING DIFFERENT FROI4 C-BANO RADAR TRANSPONDERS

ON SPACECRAFT

EM

3/1/66
UP TO q VflF STAGE TELEMETERS SHALL RE

MULTIPLEXED OR k COI_40N ANTEHNA SUB-
SYSTEM. MtEN MORE THAN _ VHF STAGE

TELEMETERS ARE CARRIED, R SECONO
QIANI-UIRECTIONAL ANTENNA SUBSYSTEM

SHALL RE PROVIDED.

NOT PRESENTLY SCHEDULED FOR OPERATIONAL

SATURN Ig LAUNCH VEHICLES. HOWEVER,

PROVISIONS TO CARRY THIS TRIMETER

SHALL BE INCORPORATED ON ALL SATURN IB

LAUNCH VEHICLES THROUGH AS-207,

EQUIPNENT/FUNCTIOR

THIS OPERATIOHAL

FLIGHT VEHICLE

REQUIRED REQUIRED

HOT

REQUIRED REQUIRED

NOT

REQUIRED RE')UIRED

ROT NOT

RE(_JlRED RE_JRED

CODING

TABLE 3.3-1
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TABLE3. 4-1

OPERATIONALSATURNV LAUNCHVEHICLECOMMUNI CATIONSANDTRACKINGREQUIRENENTS

STAGE

SUBSYSTEM

EQU I PMENT

IMPLEMENTATION

NUMBER
OFUNITS

OPERATINGFREQUENCY

TRANSMIT RECEIVE
ANTENNA SUBSYSTEM MODULATION CtlARACTERISTICS REMARKS

S - IC • SEE mOTES i, 2 AND S

TELEMETRY PCMIFM TELEMETER ONUI-DIRECTIONAL PCI41FI4
• PCN SIT RATE SHALL BE 72 KILOBITS/SECOND

ONE 226-260 V,c

ONE 225-260 Mc

A

/% "% ,, x

T_0COMMAND DESTRUCT'

EMIEM TELEMETER

RECEIVER AND DECODER

TRACKING oooPTRANSPONDER6 ONE

v ",t x

SEE NOTE S

,_ N,"TEN.
gX X XSESMGTE.'.X

MOO.-qSO Mc ONNI-DIRECTIONAL

ONF URF F I XED DIRECTIONAL

\ /\

ONE 225-260 M¢ EMHI-DIRECTIONAL

22_- 260 Mc

% /"

IlOO- MSO W¢

PEM/EM TELEMETER

FM/FM TELEMETER

\/
_%_SS/EM TELEMETER_ /

/ \/ \/ \.

RECEIVER AND DECODER

EMIFN

• SEE NOTES I AND u,

• PAN/EM/FM MODULATIOP UTILIZED DURING R & O FLiOHT PRDDRAI4

: 2<,\ % r \z

i ,i,

S-II
TELEMETRY

CONVVtAND DESTRUCT

S- IVB

TWO

TWO

PEM/FN TELEMETER ONE

V Y

,AM,EMIF.TELEMETE'\_ ; \
ix I\ ./" I

-- x,o;,XS/FM TELEMETERs.
/ ' "_,t \

225-260 14c

r

/ / ,225-_260 Mc

,_ /'%

/225-260 Mc
6 \,/

SEE NOTE S

SEE_ ROTE

ONNI-DIRECT{ON/L

OMNI-DIRECTIONAL

I

K X x
,/,,,/ ,, Z'S ,ROT s./

RECEIVER AHD DECODER THO q(x)-qsoNc ONNI-OIRECTIONAL

_LEMETRY

COMMANDDESTRUCT

INSTRUMENTUNIT
TELEMETRY pCM/EM TELEMETER

PCM/EM TELEMETER 6

UP- DATA

TRACKINGAID

EM/EM TELEMETER

• \ /\ /\ / ",
NkN/EM/F_TELEME_

SS/EM TELEMETER
/\ / \

COMNARD AND CDMNUNICATION

SYSTEM EGGS)

CCS

cos

C-BAND
RADAR TRAHSPONDER

AZUSA TRANSPONDER

ONE

ONE

OHE

x/;,,/
; E2

ONE

ONE

ORE

i e THIS SYSTEM SHALL BE CONPAT'IBLE WITH RAHOE SAFETY COMHkHD
TRANSMITTERS INSTALLED AT STATIONS OF THE ETR

I

X X
• SEE NOTES I, 2 AND 3

PCMr/EM •PEM BIT RATE SHALL BE 72 KILORITS/SECOND

EMIm

X

PCM/m

/ \ .,-_

../X/'\ss,;

225-260 Mc

S-OANO

225-260 Mc

'%

.g,_Mo

OHMI-DIRECTIONAL

FIXED DIRECTIONAL

VARIARLE 8EAWMIDTR

PCM/FM

P(;M/EM

MULTIPLEXED WITH OUTPUT

OF IU VHF POM/FM TELEMETEF
EM/EM

'_ MULTIPLEXED" WITH OI_T_'UT f % ,/OF IU.....VHF PEM/EM TELEME_EF W _" PAMfFN/FN/_ _"

( X MULTI PLEXED '1 TH OUTPUT ,X_ / Fp"_,F\lU VHF PCW/EMTELEMETE! _ _ " ¢X_ ;

• SEE NOTES I AND q

• P_g4/FM/EM MODULATION UTILIZED DURING R k O FLIGHT PROGRAM

%/ 24.

• THIS SYSTEM SHALL BE COMPATIBLE WITH RANOE SAFETY COMMAND
TRANSMITTERS IRSTkLLED AT STATIONS OF THE ETR

• SEE ROTES I, 2 AND 3

• pCN BIT RATE SHALL _E 72 RILOBITS/SECOHO

v -1
)qEE/NOTE$/_ND '1 _//_\\. /'X_ ./_

• THIS SYSTEM SHALL BE COMPATIBLE WITH RANGE SAFETY COMMAND

TRANSMITTERS IRSTkLLEO AT STATIORS OF THE ETR

• OEE NOTES I, 2 AND 3

• PCM BIT RATE SHALL BE 72 RILOBITS/SECOND

• THE TELEMETRY SHALL CORTAIH ALL S-IVq/IU MISSIOq CONTROLDAT_

• SEE NOTES I AND 2

• PCM BIT RATE SHALL BE 72 RILOBITSISECOND

• TRANSMITS THE SANE BIT STREAM AS THE IUVflF PCM/FN fELEMETER

• GEE NOTES I kHO N

AE_,'fUT_,£

\sEvo'k,?<,/q,
• THIS SYSTEM SHALL PROVIDE TELEMETRV TRANSMISSION, UP-DATA

S-BAND

S-BAND

C-BAND

C-BAND

I I I

S-BAND

S-BAND

C-BAND

C-HANG

MULTIPLEXED WITH

OUTPUT OF IU S-BAND
PCM/FM TELEMETER

OMNI-nlRECTIOflAL

OMRI-DIRECTtONAL

eONIPW/PW

PSXI'FN/PM
SOBCODED 5-BIT WORDS

AT IDUO BiTS/SECOND

PULSE

FM

RECEPTION AND TRACKING ASSISTANCE TO THE MSFN

• UTILIZES SANE OPERATIHO FREOUF._C_ES AS THE LEM USB SYSTEM

• SEE HOTE 2

• THE CCS TRkRSHITS THE SANE BIT STREAM AS THE S-IVO VUF

P_N/EM TELEI!ETER AT A BiT RATE OF 72 KiLOOITS/SECDUD

• NO MORE THAN ONE CORRECT HESSkOE SHALL DE REJECTED PER
iO00 CORRECT MESSAGES AND NO MORE THkH ONE PER I0 _

INCORRECT NESSkDES SHALL BE ACCEPTED

'I_TR_I_ED'_EN'_LL'_ _1_10_'I _m m_

2q0:221 TO THE RECEIVED FREDUENCY

• COHERENT TURN-ARDUND CARRIER
• COHERENT TURN-AROUND RAHOE CODE

• UTILIZES CODING DIFFERENT FRON C-BAND
RADAR TRANSPONDERS OR SPACECRAFT

3/1/66

/OTES;

h THIS TELEMETRY SUBSYSTEM SHALL BE
OONPATIBLE WITH THE INTER RANGE
IRSTRUNENTRTION GROUP STA_DkqOS

(JRJG DOCUNENT ND. 106-60 "TELEMETRY

STANDRRDS REVISED 1962").

2. ALL PCM TELEMETRY SUBSYSTEMS SWALL BE DESIONED
TO PROVIDE AH ERROR RATE NOT EXCEEDINO ONE
iN IOe BITS FOR TRRNSMISSIONS TO THE MSFN AS

MEASURED FRON LAUBCH VEHICLE ENCODER TO EARTH-
_ASED DECDOER.

THIS PCM/FM TELEMETRY SUBSYSTEM SHALL TRANSI41T
THE FCM BIT STREAM REI_JIRED FOR REAL-TINE
USE VIA COAXIAL CABLE TO THE CHECKOUT
FACILITY IN THE MILk PRIOR TD LIFT-OFF

AND VIA AN RF LINK PRIOR TO ARD AFTER LIFT-OFF.

THIS TELEMETRY SUPSYSTEM SHALL TRANSMIT

DATA REQUIRED ONLY FOR POST-MISSIOR
ANALYSIS VIA AN RF LINK.

5, UP TO q VUF STAGE TELEMETERS _RALL BE
MOLTIPLEXED ON A COMMONANTENIIA SUB-

SYSTEM. _,_iEN MORE THAN H VHF STAGE

TELEMETERS ARE CARRIED, A SE_]ND
ONNI-DIRECTIONAL ANTENNA SURSYSTEM

SHALL BE PROVIDED.

6. POSSIBILITY OF RE_4JLREMENTS BEING
FULFILLEO BY THE CCS.

7. NOT PRESENTLY SCHEDULED FOR OPERIffloNkL

SATURN V LAUNCH VEHICLES. HOWEVER_
PROVISIONS TO CARRY THiS TELEMETER SHkJ.L

RE INCORPOHkTED OH ALL SATURN V LAUNCH

VEHICLES THROUGH AS-506.

LEGEND

EQUIPMEHTIFUNCTION

THIS LUNAR

FLIGHT I MISSIOR

REQUIRED REQUIRED

NOT

REQUIRED REQUIRED

NOT

REQUIRED REQUIRED

NOT NOT

REQUIRED REQUIRED

CDDLNG

//

XX
TABLE3. 4-1
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TABLE 3. 5-2A

CSM COMMUNICATIONS AND TRACKING REQUIREMENTS

NOTES:

SUBSYSTEM EQUI PMENT

I MPLEMENTAT I ON

VOICE COMMUNICATIONS UNIFIED S-_mO SVSTeN

WITH MSFN

(SEE NOTE l)

WITH MSFN

WITH MSFN

VHF TRABSCE]VEB HI

VNF TRANSCEIVOR f2

WITH LEM VNF TRANSCEIVER _1

WITH LEM VHF TRANSCEIVER ,Z

WITH EVA VNF TRANSCEIVER RI

WITH EVA VIle TR,MISCEIVER R2

WITH RECOVERY FORCES HF TRANSCEIVER

NUMBER

OF

UNITS

ONE

OPERATING FREQUENCY

TRANSMIT RECEIVE

VHF VHF

ONE VHF VHF

ONE HF HF

WITH RECOVERY FORCES SURVIVAL TRANSCEIVER ONE VHF VNF

WITH RECOVERY FORCES VHF TRANSCEIVER _'t

KEYING COMMUNICATIONS UNIFIEO S-SAND SYSTEM

TO MSFN

TELEMETRY TO MSFN DRILLED S-BAND SYSTEM

FROM LEM VHF TRANSCEIVER R2

FROM EVA veF TRAHSCEIVER '2

ANTENNA SUBSYSTEM

_MHI-DIRECTIORAL

MULTIPLEXE_ WITH

TRANSCEIVER _1

MULTIPLEXED WITH

TRANSCEIVER NI

OMHI-OIRECTIONAL

UTILIZES EITHER VHF

RECOVERY ANTENNA

A_DULATION CHARACTERISTICS

DSOAM TRANGJ4IT

DSBAM RECEIVE

DSGkM TRANSMIT

DS8_ RECE/VE

DSOAN TRANSMIT

DSOAM RECEIVE

AM, CW, SSO

_4

REMARKS

• SEE TABLE S,5-2S FOR BE_AJtREMENTS

• AJ.TERMATE NEAR-EARTH VOICE COI44UNICATIONS CHAMNEL VIA

SIMPLEX MODE OF OPERATION

• PRIMARY VOICE COMMUNICATIONS CHANNEL MITH LBH VIA SIMPLEX

NODE OF OPERATION

• PRIMARY TRANSMITTER FOR DUPLEX VOICE CONNUHICATIOUS

MITH EVA

)ALTERNATE BACK-UP FOR VOICE COMMUNICATIONS MtTH EVA ViA

SIMPLEX NODE OF OPERATIOH

• ALTERNATE VOICE COMNUNICATIUNS CHANHEL WITH RECOVERY

FORCES VIA SIMPLEX NODE OF OPERATION

• UTILIZED FOR VOICE RECEPTION SIMOLATIOff OURIN_

R A D FLIGHT PROGRAM

• SEE "VOICE COMMUNICATIONS WITH LEM"

• SEE "VOICE COdOIUNICATIONS WITH MSFN"

• RACK-UP VOICE COMMUNIOATJON$CHABNEL WITH LBW VIA S_MPLEX

MODE OF OPEBATION

• RECEIVES LEM POR/AN DATA

• PRIMARY RECEIVER FOR OUPLEX VOICE COMI4UKICATIORS WITH EVA

• RECEIVES EVA HIONEOICAL DATA SIMQLTANEOUSLY WITH EVA

VOICE

• ALTERNATE BACK-UP FOR VOICE COUNUNICATIOHS WITH EVA VIA

SIMPLEX NODE OF OPERATIONS

D SEE "VOICE COMMUNICATIONS WITH NSFN"

• SEE "VOICE C0044UNICATIORS WiTH LEM"

• ALSO PROVIDES BEACON MODE OF OPERATION FOR DF AFTER

LAMOING

• NF RECOVERY /d_TEHHA DEPLOYED AFTER LANDING

• PART OF CREM SURVIVAL E_J_PI4ERT

• BACK-UP FOR VHF VOICE COMMAJNiCATIOPS MITH RECOVERY

FORCES

• BACK-UP FOR VNF RECOVERY DEACON

OMOI-O/RECTJOH&L • RECOVERY ANTENNA DEPLOYED AT MAIN CHUTE DEPLOTHERT

RECOVERY ANTENNA _2 • SEE "HOICECOMMUHiCATIONS MITH MSFN"

• SEE TABLE S. 5-2B FOR RE_IROIENTS

• GEE TABLE 3.5-2B FOR RE_gIR84ENTS

p#$1_.ECTJWW.E lilt RATES OF Sl.2 KGS ABD I,G HOG" _/

_ 7 N_ILT'_I PLEXEO '/I TH _ "

_%PGM/E_ FI4,,_ •TRA_ITS OATA RE_JIREO ORLY FOB HOST-FLI,HT AMALYS'$/e,SEEHOTl's V S/' Y' \/ V'
• SEE "VOICE COMMOfl_CAT_ONS WITH LEN"

_CM/JH4 • SEE NOTE q
POM 81T RATE OF I.G KILOBITS/SECOND

TAPE PLAYBACK

TO MSFN UNIFIED S-BAND SYST_4

[;,_- -- -

TELEVISION

TOMSFN UNIFIED S-SAND SVSTI)i

FI4/AB • SEE "_ICE COMMUNICATIONS WITH LD,I"

W SEE TADLE 3.5-2B FOR REQUIREMENTS

/ \/ \/ %/

• SEE Tk3LE S.5-2B FOR RE_NJIREMENTS

TO LEM

FROM MSFN UH_F_SO S-BAND SYSTEM

;FR  MStN,ECE,VE.ANOOECOU,, T,.,CE,UE.',." P/ \ . " x
TO MSFN UHIFIED S-lLANO SYSTEM

_7--- " "...o,.o. , Y;,K ,, ,'K/K
PN RECEIVE

ONE X-SAND ONH 1- DI REOTIO,'tAL PM TRANSMIT

UP-DATA

(SEE NOTE 6)

TRACKING AID

RFNOEZVOLIS RADAR

TR_OHDER

RECOVEBY SEACON

HF TRANSCEIVER

SURVIVAL TRANSOEIVER

BEACON

TO RECOVERY FORCES
OHE

X-BAND

VNF

TO RECOVERY FORCES

3. THIS TELEMETRY SUBSYSTEM SHALL BE
COMPATIBLE MITN THE INTER RANGE
INSTRUNEHTATIOR GROUP STANOAROS

IRJG DOCUMENT NO. i06- , "TELEMETRY
tTABDARUS REVISED '902"_ 0

H. THE TELEMETRY SUBSYSTEM SHALL BE DESIONED

TO PROVIDE kN ERROR RATE NOT EXCEEDIN_ OHE
SIT IN ION BIT8 FOR POM TELEMETRY TRANS-

MISSION TO THE C_14 AS MEASURED FROM LEN
ERCOOER TO THE CON RECORDER.

TO RECOVERY FORCES

I, THE MINIMUH WORD INTELLIGISILITY SHALL

BE 90% FOR NORMAL VOICE COMMUNICATIONS
AND 70% FOR 3ACK-UP COMR4JNICATIOflS AS

MEASURED BY USER PERSONNEL UNDER

SIMULATED OPERATING CONDITIONS UTI-

LIZING THE ANERICAN STANOARO METROO
FOR MEASUREMENT OF NONOSYLLARIC MORO
INTELLIGIOiLtTY OATSO MAY 2S, 1900.

2. THE TELEMETRY SUSSYSTEN SHALL BE DESIGNED

TO PROVIOE AN ERROR RATE HOT EXCEEDING
ONE LIT iN I0 _ HITS FOR TRANSMISSIONS TO

THE MSFN AS MEASURED FORM CON EBCOOIER TO

MSFH DECODER.

• SEE TABLE 3.5-2S FOR REQ@IREMEHTS

_}_$UG_OE_5-_MQ_ 'OUO SITS/SECO_Dv \ X /_

• SEE TABLE 3.S-2R FOR RE_IRB4ENTS

\/ \/ \ / \ / \ \/ Y

• UTILIZES COI)IHG DIFFEWRENT FROM LAUNCH VEHICLE AHO LEM_\

/ _, I_ ¢ __/_C-SANO RAOA TRANSPONDERS _(. \/" \ \

• THREE TONE RANGE CODE ANO COHERENT CARRIER TURN-AROUND

OMHI-DIRECTIONkL _14 • RECOVERY ANTENNA DEPLOYED AT NAIN CHUTE DEPLOYMENT
BECOVERY ABTENNA RI

CM • SEE "VOICE COM4UNICAT_ONS MITH RECOVERY FORCES"

AN • SEE "VOICE COMMUNICATIOHS WITH MSFN"

3/1/66

5. THIS PCM TELENETHY SUBSYUTEM SHALL BE
CAPASLE OF TRANSMITTING "'HE PCM BIT
STRE_J4 REQOIREO FOR REAL-TIME USE VIA

COAXIAL CABLE TO THE OHECROUT FACILITY
IN THE NILA PRIOR TO LIFO'DOFF AJ_O VIA

AN RF LINK PRIOR TO AND _IFTER LiFT-OFF.

6, NO NORE THAN ORE CORRECT MESSAGE SHALL BE

REJECTED PER moo0 CORRECT MESSAGES AND NO

MORE THAN ONE PER t0 V INCORBEOT MESG_ES

SHALL BE ACCEPTEO.

LEGEND

EQU IF'MEI4T/FUN CT lON

TH I S LUNAR
FLIGHT MISSION

d

R EQU I'REO REQU In EO

NOT

REQUIBED REQUIRED

NOT RE_IREO
RE_JIRED

NOT NOT

fl E(_J I REO R E_4J I RED

CODING

//

 Kb4
TABLE $.G-2A
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TABLE 3.5 -2B

CSM UNIFIED S-BAND COMMUNICATIONS AND TRACKING REQdlREMENTS

SUBSYSTEM

EQUI PMENT NUMBER OPERATI NG FREQUENCY

OF ANTENNA SUBSYSTEM
IM PLEMENTATI ON

UNITS TRANSMIT RECEIVE

MODULATION

CHARACTER I STIC S
REMARKS

VOICE COMMUNICATIONS

(SEE NOTE 1)

OMUI-DIRECTIOHAL

WITTIMSFN PNTRANSPONDER TWO S-BAND S-BAND DIRECTIONAL - VARIAHLE

OEANWIDTN

FMIM, r TRANSMIT -

1.25 N¢ SUBCARRIER

FI4[PN RECEIVE

Re SUBCARRIEN

PN TRANSMIT

AT BASEBAND

• TRANSPOfiOER FREQUENCY SHALL BE C0ffEREHT WITll SIGNALS

RECEIVED FR0M THE MSFN AND IN THE RATIO OF 2q0:22_

• RELAY VOJCE AHD TELEMETRY COI4HDNICAT/OHS WITH EVA

• BACKUP RELAY OF VOICE COI4HUHICAEIONS WLTH LEM

• TRANSPONDER ALSO PROVIDES FOR TELEMETRY TRANSMISSION,

KEYED TRARSNISSION, UP-DATA RECEPTION AND TRACKING

ASSISTANCE rO THE MSFN,

• EMERGENCY VOICE TRANSMISSION

• rHIS CAPABILITY IS PROVIDED ONLY WHEN THE CAPABIL-

ITY FOR SIMULTANEOUS EM AND FM S-BAND TRANSMISSION

IS PROVIDED.

OWN I- D I RECTI ONAL '

KEYING

COMMUNICATT(_O/_I,_FN/_.,c" PM TRANSPONDER S-OANO

TELEMETRY

TAPE PLAYBACK

FHIPI4 RECEIVE

70 K¢ $UBCARRIER

• EMER_NCY VOICE RECEPTION

• THIS CAPABILITY JS PROVIDED _LV HEH THE CAPABJLITY

FOR S#MULTANEOUS _ AND FN S-BAND TRANSMISSION IS
PROVIDED.

• SEE "UP-OATA FRSM MSFN"

\/\ ix,, ",# \/ \ I\ /x
• _lS TRANSMITTER OPERATES ON THE S_E FREQUENCY AS THE /

TRAHSPONDER, THEREFORE iT IS PROVIDED DHLY ON THOSE FLI6_

_)_FOH WHICH SI_LTANEOUS _ AHD FM S-BAHD TRANSMISSIOH 1S

ROT REQUIRED. A X V _/ _/'_

• VOI_E RECEPTION I"_ AC_IE_D Vl_ RECEPTIW " OF%_ NC

_FM SDOCARHIERv / N _ _/_ _/ V"

"TH!HSMI_TENALSOPROWDESPORTELBETHY,SCIEMTI"C
DATA, TELEVISION, AND TAPE PLAYBACR THANSMISSIOH TO

• SEE "VOICE COMMUNICATIONS WITH NSFN"

• TNANSNITTEO ALONE - 8ACRUP FOR VOIGH TRANSMISSION

• SEE "VOICE COMMUNICATIONS WITH MSFN"

PCM/PM/PN • DELECTABLE BIT RATES OF 51.2 RILOBITS/SECONO AND

I,ORq M¢ SUBCARNIER 1.6 KILOBITS/SECONO
NR_C SERIAL BIT STREkW

• SEE NOTES 2 AND 3

TOMSFN m TRANSPONDER ,S-BAWH

• SEE "VOICE COMMONICATIONS WITH MSI_H"

nWIFMleW
7 BUBCARRIERS ON 1.25 M¢ • RELAY OF CONPOSITE EVA VOICE ANO 7 CHANNELS OF EVA

VOICE SUBCARRIER TELEMETRY ON VOICE 6UBCARRIER WHEN SIMULTANEOUS PM
AND PM S-BAND TRANEM]SSION CAPABILITY I$ PROVIDED,

>(_ - ,/\ A x _ \,/\/N z"k
•,,x-O,T,V, ;, ",,,,

TOMSFN FMTRANSMITTER #2 ONE S-BAND MULTIPLEXED WITH EM/FM

S-BAHD TRANSPONDER 9'5 Kc, 12H Kc, lOB Kc
ANTENNA SYSTEM SDOCARR IERS

• THIS TRANSMITTER IS PRONIDED OHLY ON THOSE FLIGHTS

FOR _HICH SINULTANEC_JS PM AND FM S-BAND TNANEMISSION

IS REQUIRED.

• TRANSMITTER ALSO PROVIDES FOR TELERISION AND TAPE

PLAYBACK TRAHSMISSICH TO THE MSFN.

• PROVIDES S CHANNELS OF REAL TIME SCIENTIFIC DATA

TRANEMISSION TO THE MSFN

\I\ A /_, _ Xx/ V'\/

_sEE_._DE_C,_OH._ MS_"_
• R_ECOc/ROED%SCIE_TI%FIC OAT"_- 3 GHA'_'NNELS X _ X_

SIX ADDITIOI_AL CHAHNELS ARE ALSO AVAILABLEa x \,,\X ""

% X %'/ % / " /\ A X "V

_ _ _C_ R DK_0_ IS_Ts;CsMcT_EM_I _E?T _PIR_ _

_" \/\ A /_, _" V\/\

• SEE "TELEMETRY TO MSFN"

FMIFM

95 KC, 125 He. 165 Kc • RECORDED SCIENTIFIC DATA - 3 CHANNELS

SUBCARRIERS

FM

AT BASEBADD • RECORDED VOICE

PCH/PM/FN _ • RECORDED CSM PCM TELEMETRY AT APPARENT

hO2q Mc SUBCARRIER 51,2 KILODITS/SECONO

TO MSFN m TRANSMITTER //2 S.BANO

TELEVISION i /\ / \ /\ /'\ / /_

v TO MSFN F_ TRAHSMITTER #I -.,,
TO MSFN EM TRANSMITTER #2

UP-DATA

(SEE NOTE 4) FROM MSFN PN TRANSPONDER

TRACKING AID

TO MSFN P. TRANSPONDER

NOTES:

I. THE MINIMUM WORD INTELLIGIBILITY SHALL BE

90% FOR NORMAL VOICE COMN_JNICATIONS AND

70_ FOR BACK-UP COMMUNICATIONS AS MEASURED
BY USER PERSONNEL UNOER SIMULATED OPERATING

CONDITIONS UTILIZING THE AMERICAN STANDARD

METHOD FOR MEASUREMENT OF MONOSYLLABIC WORD

INTELLIGIBILITY DATED NAY 25, 1960

THE TELEMETRY SUBSYSTEM SHALL BE DESIGNED

TO PROVIDE AN ERROR RATE NOT EXCEEOIN6 ONE

BIT IN 106 BITS FOR PCM TELEMETRY TRANS-

MISSIONS TO STATIONS OF THE MSFN AS MEASURED

FROI4 CSN ENCODER TO MSFH DECODER.

EM • RECORDED LEM 1.6 KILONITS /SECOND PCN TELEMETRY AT

AT BASEfiAHD APPARENT 51.2 KILOBITS/SECOHD

S-BANO FM
AT BASEBAND • SEE "TELEMETRY TO MSFN"

S-BAND

3. THE PCM TELEMETRY SUBSYSTEM SHALL HE

CAPABLE OF TRANONITTIHS THE pCW BIT STRE_W

REQUIRED FOR REAL-TIME USE VIA COAXIAL

CABLE TO THE CHECKOUT FACILITY IN THE MILk

PRIOR TO LIFT-OFF AND VIA AN RF LINK PRIOR

TO AND AFTER LIFT-OFF.

N. THE UP-OATA SUBSYSTEM SHALL BE DESIGNED IN

CONJUNCTION WITH STATIONS OF THE MSFN SUCH THAT
NO NORE THAN ONE CORRECT WESSAGE SHALL BE

REJECTED PER I000 CORRECT MESSAOES AND THAT
NO WORE THAN ONE PER 109 INCORRECT MESSAGES

SHALL BE ACCEPTED.

PSK/FM/_

S-BAND 70 Kc SUBCARRIER

PM RECEIVE-

S-BAND PRN CODE AT BASEBAND

PH [HANEMIT-

PRH CODE AT BASEBAND

• SEE "VOICE COMMUNICATICHS WITH MSFN"

• GUBCODED 5-61T WORDS AT 100(3 BITS/SECOND

• SEE "VOICE COMWJNICATIONS WITH MSFN"

• COHEREHT TURN-AROBND CARRIER

• COHERENT TURH-AHOUDD RANGE CODE

3/_/ee

LEGEND

EQUIPMEHT/FUNCTION

THIS LUHAN
FLIGHT MISSION

REQUIRED REQUIRED

DOT

REQUIRED REQLIIRED

NOT

REQUIRED RE(KIIRED

HOT NOT

REQUIRED REQUIRED

COHING

TABLE 3. 5-2B
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TABLE 3. 5 - 4A

LEM COMMUNICATIONS AND TRACKING REQUIREMENTS

SUBSYSTEM

VOICE COMMUi_ICATIONS

(SEE NOTE I) WITH MSFN

WITH MSFN

WITH MSFN

WITH CSM

WITH CS/_

WITH EVA

WITH EVA

KEYI NGCOMMUNICATIONS

TOMSFN

TELEMETRY
TOMSFN

r'_-- --p

I TOMSFN,

I TOMSFN,

I TOMSFN
L____ _

TOCSM

EQU I Ph_ENT
IMPLEIYiENTATION

UNIFIED S,-UANO SYSTEM

VHF TRAHSCEIVER RI

VHF TRANSCEIVER V2

VNF TRANSCEIVER tl

VHF TRANSCEIVER _2

RHF TRANSCEIVER _l

VHF TRAHSCEIVER _2

UNIFIED S-BAMU SYSTEM

NUMBER
OFUNITS

OPERATINGFREQUENCY

TRANSMIT RECEIVE

ONE VHF VHF O_@NI-OIRECTIONAL

ONE VHF VHF MULTIPLEXED WITH
TRANSCEIVER ,,

/

""ic-{A.o/

X-RAND X-RAND

X-BAND

ANTENNASUBSYSTEM

"k & D ONNI-OIRECTIOHAL
SUHSYSTB_4 ON LEM _HD /
ON ADAPTER _f

MULTIPLEXED ON VDF R & D
TELEMET Y ANTENNA SUB-
SYST_E_ _f \
MULTIPLEXEO ON VNF R & D

'TELEMETRY ANTENNA SUB-
SYSTEM ._ -

"MULTIPLEXEO OH VllFR G D_
TELEMETRY ANTENNA SUB- /
SYSTEM _' X

MULTIPLEXED _N VgF R & o
TELEMETRY ANTENNA SUB- \

SYSTEMX _ ,_

FROMEVA

"1[APEPL.AYBACI(. _ '_

TELEVISION
TOIVISFN

u?7okr_ SEEN_ 6_\ /"

TRACKING AID
TOMSFN

TRACKING

NOTES:

I,

OF CSM

OFTRACKING MD
ON LUNARSURFACE

OFLUNAR SURFACE

UNIFIED S-9k#D SYSTEM

\/ F?EMETE\
VHF TE_,_ET

/ _F T'_LEN_ER 'a"

X /VHF TELE_ETXER/ _

/\ /\ /\ /
j_VIIF TE_EMETER

VHF TRANSCEIVER NZ

VHF TRANSCEIVER '/2

VHF TRANSCEIVER H2

UHIFIED S-OA_U SYSTEM

EIVER AND DECODER

X/ V

UNIFIED S-BAND SYSTEM

RENDEZVOUS RADAR

REPDEZVOUS RADAR

LANDING RADAR

lWO

ORE X-RAND

UTILIZES VHF R & D
TELEMETRY ANT NNA

/ SUBSY

_'_NI'DIRECTIONAL(_ A

DIRECTIONAL

DI RECTI ONAL

MODULATIONCHARACTERISTICS RE/C_ARKS

• SEE TABLE R.5-ttB FOR REOUIREMEMTS

• UTILIZED FOil VOICE TRANSMISSION SIMULATION DURING R & D

FLIGHT PROGRPJl

• SEE "VOICE CSMMUNICATIONS NITH CSN"

• UTILIZED F_ VOICE AND DATA TRANSMISSION DURING R & O
FLISMT PROGRAM

• SEE '_VOICE C_I_I,IUNICATIONS WITH CEM"

IISBSM TRANSMIT
I)SBKN RECEIVE

)SO/d4 TRANSMIT

I)SBJ_4 RECEIVE

y Y

PCM/EM

• PRIMARY VOICE COMMUNICATIONS CHANNEL WITH CSM VIA SIMPLEX
V,OOE

• TRANSNITrER UTILIZED FOR DUPLEX VOICE COHHURICAT ONSWlT. FV_

• TRMISCEIVEB UTILIZED IN BACK-UP MODE FOR SIMPLEX VOICE

COI_UNICATIOHG WITH EVA

• BACK-UP VOICE COMMUNICATIONS CHAREEL WITH CSM VIA SIMPLEX
MODE

• TRAHRNITS LEM PCW/AI4 DATA TO CSN
• RECEIVER UTILIZED FOR DUPLEX VOICE COMMUNICATIONS MIT_ EVA
• RECEIVES EVA OIOMEOICAL DAT_ SII4ULTAHEOUSLY WITH EV_ VOICE

• TBAUBCEIVEM UTILIZED IN BACK-UPMO_E FOR SIMPLEX VOICE

CONM_HICATI_ p MITe [VA

• SEE "VOICE COMMUNICATIONS WITH CEM"

• SEE "VOICE CSMNUNICATIOR$ WITH CEM"

• SEE TABLE $.§-qO FOR REOUIREMENT$

• SEE TABLE 3.S-NO FOR RETIREMENTS

' \ -",

X'SE_.OT_'B\/ \ /\ / \ /\/_

_CONST_OAMU'#I F SYST_/ V _ "_ /

o'SEE NoTEs 2, 3, AND H / \ / \ / _ ,/_

• _EDUIID_T WITH UNIFIED S-BAND SYSTEM PCM LINK/ "_,

• UTILIZED FORDATA TBAHSMISSIOUDII4ULATION DURING R & 0 PROGRAM

• SEE "VOICE COHMUNICATIONG M1TH CEM"

• SEE NOTE S

• pCM BIT RATE OF 1.8 NILOBITSISECOMU

• SEE "VOICE COMI4UNICATIDHS WITH CSM"

F_4/AM • SEE "VOICE CONMUNICATIONS WITH CEM"

/ v

i

A A" '"PULSEk"
_I TRANSMIT

_ RECEIVE

CM ARD EM/CM TRANSMIT

• SEE TABLE D.G-HB FOIl REQ@IREMENTD

>U_L'_2_LYDURNR'DRG"Y'?t" _/ )

• SEE TABLE 3,G-IN FO! RE_UItENENTS

•'SkNE CdDIHG IS UilLIZEU FOR NOTH TR'NSPONDERS HHT

COvDINO DIFF_ERS FROM _HAT USED _ CSM AND/LAUHC" YEyICL'L'L'L'L'L'L'L'L'L_

• THREE-TONE RARGE CODE AND CARRIER COHEREHT TURN-AROUND

RANGE I_ OR 20 feet
AHDLE 8mr bias

2mr r_ndom

• ALSO USED FOR TRACKING OF TRACKING kiD ON LUNAR SURFACE

• SEE "TRACKING OF CEM"

.ACCU.CVI:l .LOCTY ORfo,RANGE I_ OR S feet

THE MINIMUM WORD IHTELLIGIBILITY SHALL HE
90_ FOR NORMAL VOICE COMMUNICATIOHS ARO
70_ FOR BACK-UP COMMUNICATIONS AS MEASURED

BY USER PERSONNEL UNDER SIMULATED OPERATINO
CONDITIONS UTILIZING THE AMERICAN STANDARD
METMOD FOR MEASUREMENT OF MONOSYLLAUID WORD

INTELLIGIBILITY DATED MIY 25, 1960.

THE TELEMETRY SUBSYSTEM SHILL BE DESIGNED
TO PROVIDE AN ERROR RATE NOT EXCEEDING ONE
BIT IH IO _ BITS FOR PCM TELEMETRY TRAHS-

MISSIONS TO STATIONS OF THE NSFN AS MEASURED
FROM LEM ENCODER FO HSFN DECODER.

THE TELEMETRY SUBSYSTEMS SHALL BE

COMPATIBLE WITH THE iNTER RANGE

iNSTRUMENTATION GROUP STANDARDS (IRIG
DOCUMENT 140. lOG-GO "TELEMETRY STANDARDS

REVISED 19R2") APPROPRIATE TO THE
RESPECTIVE TELEMETRY SUBSYSTEMS.

H. THIS pCJ4 TELEMETRY SUBSYSTEM SHALL
BE CAPABLE OF TRANSMITTINU THE PCM BIT
STREAM REOUIRED FOR REAL-TiME USE VIA
COAXIAL CJBLE TO THE CHECKOUT FACILITY
IR THE NILA PRIOR TO LIFT-OFF AND VIA AN RF

LINX AFTER AOAPTER JETTISON.

THE TELE)(ETRY SUBSYSTEM SDALL BE DESIGNED

TO PROVIDE ktl ERROR IIATE IIOT EXCEEDING OHE
BIT IN ioG BITS FOR PCM TFLEMETRY TRANS-
MISSIONS TO THE CSN ,_S MEASURED FROM LEM

ENCODERTO CEM RECORDER.

G. NO MORE THAN ONE CORRECT MESSAGE SHALL BE
REJECTED PER I_ C(IRRECI MESSAGES AHD THAT

NO MORE THA_ OHE PEG [09 INCORRECT MESSAGES

S_ALL BE ACCEPTED.

LEGEND

E_JIPMENT/FUNCTION

THIS LUNAR
FLIGHT MISSION

REQUIRED REQUIRED

NOT
REQUIRED REQUIRED

ROT
REgUtREO REQUIRED

NOT NOT

REQUIRED REQUIRED
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10.1.1 General This appendix establishes control weights for the

Saturn IB and Saturn V launch vehicles and Apollo spacecraft.

Where a trajectory has been established for the flight mis-

sions presented in the Apollo Flight Mission Assignments directive,

M-D MA 500-11,control weights are based on that trajectory. Where a

mission trajectory has not been established, orbital or lunar mission

capability is given as defined in 10.1.3 or in 10.1.4.

10.1.2 Definition

Gontrol Point:

Control Weight;

Dry Weight:

Payload

Capability:

Inj ected Inert

Weight:

of Terms

Any designated portion of a space vehicle for which

weights are specified in this document.

i_he limiting value of weight, capacity or capa-

bility of a control point based on a specified mis-

sion. The established weights shall not be ex-

ceeded and the established tank capacity and

payload capability shall be guaranteed values.

The weight of hardware not including fluids except

those of sealed closed-loop systems which are

installed as single complete items. This weight

is the sum of Mass Properties Standard CM 018-

001-1 Functional Code items 1 through 16 or

equivalent.

The guaranteed payload (spacecraft injected weight)

that the launch vehicle will carry as specified under

"Launch Vehicle Payload Requirements", 10.1.3 and

10.1.4.

The spacecraft module's weight at the time of

spacecraft separation from the launch vehicle, ex-

cluding usable propellant.
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Injection
Weight:

Propellant Tank

Capacity:

Separation

Wei g ht:

Usable

Propellants:

The weight of a launch vehicle stage at the time

of placing the spacecraft on the desired trajectory.

The design mainstage propellants, i.e., the

amount of usable propellants for which stage or

module propellant tanks are sized.

The weight of an expended launch vehicle stage as

it separates from a flight stage.

The propellants loaded for a specified mission for

providing velocity changes. Mass Properties

Standard CM 018-001-1 Functional Code number 23

or equivalent.

10.1.3 Saturn IB Launch Vehicle Payload Requirements The Saturn IB

launch vehicle shall:

10.1.3.1 Vehicle Number 201

Be capable of meeting the requirements in the Apollo Program

Specification, Appendix AS-201 including:

a. Placing a spacecraft (CSM and Adapter) of 37,400 lbs

gross weight on a trajectory with a total energy of

-3.9 x 108ft2/sec 2, angular momentum of 4.9 x 1011ft2/

sec and with S-IVB cutoff occurring during ascending

flight at an altitude between 800,000 and 1,100,000 ft.

b. Carrying the control weight LES until 25 seconds (nom-

inal) after the S-IB/S-IVB stage separation command.

c. Orienting and stabilizing the spacecraft at its proper

attitude (to within S-IVB attitude control deadband

accuracy) prior to S-IVB/CSM separation.
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10.1.3.2 Vehicle Number 202

Be capable of meeting the requirements in the Apollo Program

Specification, Appendix AS-202 including:

a. Placing a spacecraft (CSM and Adapter) of 47,600 lbs

gross weight on a trajectory with a total energy of

-4.13 x 10_ft2/sec2,_ angular momentum of 4.7 x 1011ft2/

sec and with S-IVB cutoff occurring during ascending

flight at an altitude between 700,000 and 1,000,000 ft.

b. Carrying the control weight LES until 25 seconds (nom-

inal) after the S-IB/S-IVB stage separation command.

I0.I.3.3 Vehicle Number -u3_n

Be capable of meeting the requirements in the Apollo Program

Specification, Appendix AS-203 including:

a. Injecting the S-IVBcontaining 19,410 pounds of LH 2

into a i00 nautical mile circular Earth orbit.

b. Orienting and stabilizing in Earth orbit.

i0. i.3.4 Vehicle Number 204

Be capable of meeting the requirements in the Apollo Program

Specification, Appendix AS-204 including:

a. Injecting the guaranteed payload into an elliptical Earth

orbit of 85/130 nautical miles.

b. Garrying the control weight LES until 25 seconds (nom-

inal) after the S-IB/S-IVB stage separation command.

c. Stabilizing the space vehicle in Earth orbit.

i0. i.3.5 VehiGle Number 205

Be capable of meeting the requirements in the Apollo Program

Specification, Appendix AS-205 including:

a. Injecting the guaranteed payload into an elliptical Earth

orbit of 85/130 nautical miles.
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b. Garrying the control weight LES until 25 seconds (nom-

inal) after the S-IB/S-IVB stage separation command.

c. Stabilizing the space vehicle in Earth orbit.

i0.i.3.6 V_hiGle Number 206

Be capable of meeting the requirements in the Apollo Program

Specification, Appendix AS-206 including:

a. Injecting the guaranteed payload into an elliptical Earth

orbit of 85/120 nautical miles.

b. Garrying a Boilerplate GSM and LES of 8,580 pounds

until 25 seconds (nominal) after the S-IB/S-IVB stage

separation command.

c. Stabilizing the space vehicle in Earth orbit.

i0.i.3.7 Vehicles Number 207 through 212

Be capable of meeting the requirements in the Apollo Program

Specification, Appendices AS- 207 through AS-212 including:

a. Injecting the guaranteed payload into an elliptical Earth

orbit of 81/107 nautical miles.

bo Garrying the control weight LES until 25 seconds (nom-

inal) after the S-IB/S-IVB stage separation command.

c. Stabilizing the space vehicle in Earth orbit.

i0. i. 4 Saturn V Launch Vehicle Payload Requirements

I0.1.4.1 The Saturn V launch vehicle shall be capable of meeting the

requirements in the Apollo Program Specification, Section 3.4 including:

a. Injecting the guaranteed payload into a translunar tra-

jectory of total energy -8.05 x 106ft2/sec2 (a nominal

72 hour translunar trajectory with the Moon at the mean

Earth-Moon distance) after inserting into a 105 nautical

mile circular Earth parking orbit.
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b. Providing an additional 260 fps to accommodate:

(1) any free return trajectory, and

(2) injection into a lunar transfer trajectory on either
of two successive Earth orbits.

c. Carrying the control weight LES until 36 seconds (nom-

inal) after S-IC outboard engine cutoff.

d. Launching over the extremes of launch azimuth specified.

e. Maneuvering in Earth orbit.

f. Stabilizing during transposition and docking.
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Apollo Saturn Mission 201

1.0 Scope This appendix to the Apollo Program Specification identi-

fies the performance, design and test requirements which apply to

the Program elements to be utilized for Apollo Saturn Mission 201 (AS-

201). These requirements are presented in this appendix as deviations

to the requirements specified for equipment for the lunar landing mission

and the operational version of the Saturn IB launch vehicle and facilities.

Unless otherwise noted, the paragraphs in this appendix replace in their

entirety the identically numbered paragraphs in the body of the specifi-

cation. THTS __PPE!_D_V IS INCLTJD_D
F0i-_ RECORD _-'u.m_'u_._o'-'........ . • ±
"r'iT_'T_17 "TTL'_r_MC_ rmTT'i_'_ F_A%T'b-I-FCITT_ A qIT#'%%T

i. 1 Applicability No change. OF AS-201 AS FLOWN ON

FEBRUARY 26, 1966.

i. 2 Change Approval No change.

2.0 Applicable Documents No change.

3.0 Requirements

3. i Performance

3.1.1 Oharacteristics

3.1.1.1 General Add: To the extent practicable, the hardware used

on AS-201 shall be of the same design as the operational

version.

(1) The phrase "no change" is used after a section heading throughout

this appendix to mean that the requirement in the body of the specifica-

tion applies to this mission without change.
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3.1.1.2 Mission Performance

3.1.1.2.1 Mission Mode This Apollo test mission shall be performed

using a non-orbital supercircular entry trajectory. For this

mission the spacecraft, which includes an unmanned CM and an SM,

shall be launched from the Cape Kennedy launch area (LC 34) into the

desired trajectory by a Saturn IB launch vehicle consisting of an S-IB

first stage, an S-IVB (Saturn IB version) second stage and an IU. The

S-IVB/IU will orient the CSM to the proper attitude prior to separation.

After CSM separation, the spacecraft propulsion system shall be used

to achieve desired entry conditions for a high heat rate test. The CM

shall be slowed to a safe landing by aerodynamic braking after separation

of the SM, and, during the final phases of the landing sequence, by

parachute.

3.1. l. 2.2 Mission Command A Mission Control Programmer shall be

provided on board the CM to provide all spacecraft com-

mands necessary for accomplishment of the mission. The Mission

Control Programmer shall be capable of receiving signals from ground-

based personnel as a backup. The MSFN, including ETR stations, shall

be used for communications with the space vehicle and for tracking of

the space vehicle (those stages of the launch vehicle and those modules

of the spacecraft not jettisoned at the particular point in the mission).

3. l. l. 2.3 Payload The payload for this mission shall include a CM

with a heat shield to be tested under high heat rate entry

conditions. The objectives of this mission shall be as identified in

Apollo Flight Mission Assignments, M-D MA 500-11.

3.1. l. 2.4 Earth Launch Launch capability shall be provided to permit

an initial flight azimuth of 105 °.
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3.1.1.2.5

3.1.1.2.6

3.1.1.2.7

3.1.1.2.8

3.1.1.2.9

Earth Parking Orbit

Injection Opportunities

Lunar Landing Accuracy

Not applicable,

N/A.

N/A.

Lunar Exploration N/A.

(N/A).
(i)

Earth Landing The normal Earth landing mode shall be on

water. The capability for water and land landing shall be

as specified in 3.5. i. 24.

3. I. i. 2. i0 Recovery Delete reference to crew.

3.1.2 Program Definition No change.

3.1.3

3.1.3.1

3.1.3.2

3.1.3.3

Operability

Logistics No change.

Safety No change.

Reliability The numerical reliability values for mission suc-

cess given in Table 3.1-2 shall be used where applicable

for engineering design and as a standard for evaluating test results.

The probability of mission success for the S-IB stage shall be at least

0.95.

The preflight phase begins with the decision to start the

countdown for launch and ends with launch. The flight phase begins

with space vehicle liftofffrom the launch pad and terminates with re-

covery of the GM.

(1) The phrase "not applicable" is used after a section heading through-

out this appendix to mean that the requirement in the body of the speci-

fication does not apply to this mission.
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3.2 Program Standards

3.2.1 Natural Environment and Physical Standards No change.

3.2.2 Electromagnetic Interference No change.

3.2.3 Drawing No change.

3.2.4 Configuration Management No change.

Coordinate System Standards No change.

Coordinate System Standards No change.

3.3 Saturn IB Launch Vehicle

3.3.1 General The Saturn IB launch vehicle shall be composed of

two stages, S-IB and S-IVB (Saturn IB version), and an IU

(Saturn IB version). The control weights shall be as specified for

AS-201 in Table 10.1-1, Appendix 10.1. The launch vehicle shall

have the capability of orienting and stabilizing the spacecraft at its

proper attitude, prior to separation of the CSM from the S-IVB/IU and

the Spacecraft Adapter. In addition, the S-IVB stage and the IU shall

be capable of meeting the requirements of this specification under the

natural environment of terrestrial space as given in 3.0 of M-DE

8020.008B.

3.3.1.1 Payload The launch vehicle shall have the payload capa-

bility specified for AS-201 in Table 10.1-1, Appendix 10.1.

3.3.1.2 Standby Time The launch vehicle shall have the capability

to stand by in a loaded condition with propellant topping for

six hours and still perform the mission.

3.3.1.3 Prelaunch Checkout No change.

3.3.1.4 In-Flight Performance Evaluation No change.
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3.3.1.5 Emergency Detection Subsystem No change except: The EDS

shall be an open-loop system. The EDS shall have the capa-

bility to shut down the launch vehicle engines upon ground command via

the spacecraft command system.

3.3.1.6 Instrumentation An instrumentation subsystem shall be pro-

vided in the launch vehicle to permit ground personnel to

evaluate launch vehicle performance.

3.3.1.7 Command Destruct No change.

3.3.1.8 Electrical Power No change.

3.3.2 ........ change._Lruc Luru l_u

3.3.2.1 Prelaunch Environment No change.

3.3.2.2 Launch and Flight Environment The launch vehicle shall be

capable of being launched in the 90 percentile peak wind con-

ditions given in 2.3.2.3 of M-DE 8020.008B and associated wind shears

given in 2.3.2.4 of M-DE 8020.008B. The launch vehicle shall be

capable of flight in the 95 percentile quasi-steady state in-flight winds

given in 2° 3.2.5 of M-DE 8020.008B. In addition, the vehicle shall be

capable of flight with 85 percent of the 99 percentile wind shears given

in 2.3.2.6 of M-DE 8020. 008B, and with 85 percent of the quasi-square

wave gust given in 2.3.2.8 of M-DE 8020. 008B, both superimposed on

the 95 percentile quasi-steady state in-flight winds given in 2.3.2.5 of

M-DE 8020. 008B.

3.3.3 Propulsion No change except:

The H-1 engine thrust shall be 200,000± 6,000 pounds.

The J-2 engine shall provide a nominal vacuum specific impulse

of 422 seconds and a minimum vacuum specific impulse of 418 seconds.
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3.3.4

3.3.4.1

3.3.4.1.1

3.3.4.1.2

Launch Vehicle Guidance, Navigation and Control

General No change.

No change except:

(b) N/A.

(c) Be capable of guiding the space vehicle into a super-

circular lob-type trajectory.

(e) Include a means for checkout of the launch vehicle

guidance, navigation and control system on the launch

pad.

N/A.

3.3.5 Saturn IB Launch Vehicle Communications and Tracking

3.3.5.1 General No change.

3.3.5.2 Functional Capability Delete the 4.5-hour operation require-

ment for all telemetry, tracking aid and up-data subsystems

and replace with the requirement that these subsystems shall operate

continuously from liftoff to Earth impact.

3.3.5.3 Coverage Capability The Saturn IB Communication and Track-

ing System shall be able to operate with the MSFN to achieve

the coverage specified in Table 3.7-4 (201) of this appendix.

3.3.5.4 Performance The Saturn IB Communication and Tracking

System shall meet the requirements specified in Table 3.3-1

(20 l) of this appendix.
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3.4 Saturn V Launch Vehicle N/A.

3.5 Spacecraft

3.5.1 General The spacecraft shall be composed of a CM, SM, LES

and an Adapter. The spacecraft shall be designed to be mated

to a Saturn IB launch vehicle.

Spacecraft control weights shall be as specified for AS-201 in

Table 10.1-3, Appendix 10.1.

An instrumentation subsystem shall be provided in the space-

craft which shall permit yruunu..................._1 _vm_± to monitor _..u_-__v_._L_l..... _-_

craft performance. An onboard Mission Control Programmer shall provide

primary spacecraft control.

No equipment or components critical to the completion of the

mission shall be dependent on the cabin atmosphere for electrical in-

sulation or thermal conditioning. Only those materials which do not

present a fire hazard or emit harmful quantities of atmospheric contam-

inants when exposed to an oxygen enriched, low pressure environment

shall be used in the pressurized inner structural envelope of the CM.

3.5.1.1 through 3.5.1.3 No change.

3.5.1.4 Standby Time The spacecraft shall have the capability to

stand by in a loaded condition, after launch vehicle pro-

pellant loading, for 6 hours and still perform the mission.

3.5.1.5 Launch and Flight Environment The spacecraft shall be capable

of being launched in the 90 percentile peak surface wind condi-

tions given in 2.3.2.3 of M-DE 8020. 008B and associated wind shears

given in 2.3.2.4 of M-DE 8020.008B. The spacecraft shall be capable

of flight in the 95 percentile quasi-steady state in-flight winds given in

2.3.2.5 of M-DE 8020.008B. In addition, the spacecraft shall be
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capable of flight with 85 percent of the 99 percentile wind shears given

in 2.3.2.6 of M-DE 8020.008B, and with 85 percent of the quasi-square

wave gust given in 2.3.2.8 of M-DE 8020. 008B, both superimposed on

the 95 percentile quasi-steady state in-flight winds given in 2.3.2.5

of M-DE 8020.008B.

3.5.1.6 Terrestrial Space Environment The spacecraft shall be

capable of operating in the terrestrial space environment as

given in Section 3 of M-DE 8020.008B.

3.5.1.7 through 3.5.1.17 N/A.

3.5.1.18 Sterilization No change.

3.5.1.19 through 3.5.1.21 N/A.

3.5.1.22 Entry The CM shall be capable of entry into the Earth's

atmosphere to a preselected impact area. This shall be

possible for inertial entry velocities up to 29,000 fps at a flight path

angle of -8.8 ° .

3.5.1.23 Aerodynamic Characteristics The CM shall be ballasted into

an offset cg configuration which will produce a lift-to-drag

ratio of . 34 :h. 04 at Mach 6. The direction of the lift vector shall be

controllable through the use of the attitude control subsystem.

3.5.1.24 Landing No change.

3.5.1.25 Postlanding The CM shall be capable of floating for seven

days under condition given in 2.8 of M-DE 8020. 008B.

3.5.1.26 Recovery The CM shall be equipped with recovery aids to

assist recovery forces in locating it and in effecting re-

covery of the vehicle.
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3.5.2

3.5.2.1 Structure

3.5.2.1.1

3.5.2.1.2

3.5.2.1.3

3.5.2.1.4

3.5.2.1.5

3.5.2.1.6

3.5.2.2

3.5.2.2.1

Command and Service Module

Cabin Space N/A. See 3.1.1.1(AS-201).

Windows N/A. See 3.1.1.1 (AS-201).

Ingress and Egress N/A. See 3.1.1.1 (AS-201).

Docking N/A.

Thermal Requirements No change.

Extravehicular Mobility Unit (EMU) Storage N/A.

CSM Propulsion

General Thrust, specific impulse, minimum impulse and

propellants for CSM propulsion subsystems shall be as

specified in Table 3.5-1 except that SPS thrust shall be 21,500 _- 215

pounds, SPS nominal vacuum specific impulse shall be 311.2 seconds

and SPS minimum vacuum specific impulse shall be 307.6 seconds. The

service life of propulsion subsystems after pre-mission testing shall

allow the engines to be fired for sufficient time to deplete propellants

available when all propellant tanks are loaded to the maximum capacity.

3.5.2.2.2 Command Module Reaction Control Subsystem No change

except delete provision for dumping unburned propellant.

3.5.2.2.3 Service Module Reaction Control Subsystem No change

except delete reference to LEM.

3.5.2.2.4 Service Module Propulsion Subsystem The SPS shall provide

thrust for translational maneuvers of the CSM.

3.5.2.3 CSM Communications and Tracking

3.5.2.3.1 General The CSM Communication and Tracking System shall

provide the following capabilities:

(a) Simulated voice communications.

(b) Telemetry transmission.

I
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(c) Tracking aid.

(d) Up-data reception.

(e) Recovery beacon transmission.

3.5.2.3.2 Functional Capability

3.5.2.3.2.1 Voice Communications A single-frequency tone shall be

used to simulate voice communication from:

(a) The CSM to the MSFN.

(b) The CSM to the launch complex prior to liftoff.

(c) The CM to the recovery forces.

3.5.2.3.2.2 Telemetry The telemetry subsystem shall be able to:

(a) Transmit operational data from the CSM to the MSFN.

(b) Transmit the data required for postflight analysis.

(c) Operate continuously from liftoff to Earth impact.

3.5.2.3.2.3 Tracking Aid The tracking aid subsystem shall enable

the MSFN to track the CSM.

3.5.2.3.2.4 Up-Data The up-data subsystem shall be able to:

(a) Receive data from the MSFN.

(b) Supply up-data verification signals to the MSFN via the CSM

telemetry subsy stem.

3.5.2.3.2.5 Television N/A.

3.5.2.3.2.6 Recovery Beacon Continuous beacon operation from the

CM shall be provided for at least 24 hours after touch-

down.

3.5.2.3.3 Coverage Capability

3.5.2.3.3.1 CSM-MSFN The CSM Communication and Tracking Sys-

tem shall be able to operate with the MSFN to achieve

the coverage specified in Table 3.7-1 (201) of this appendix.
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3.5.2.3.3.2 CSM-LEM N/A.

3.5.2.3.3.3 CSM-EVA N/A.

3.5.2.3.4 Performance The CSM Communication and Tracking System

shall meet the requirements specified in Table 3.5-2A (201)

of this appendix.

3.5.2.4 Electrical Power Subsystem

3.5.2.4.1 General The CSM EPS shall generate and distribute all of

the electrical power required by the CSM during all phases

of the flight plus 24 hours of the postlanding recovery period. The

source of electrical power shall be batteries both during flight and

during the postlanding period.

3.5.2.4.2 Capacity The EPS shall utilize three entry and postlanding

batteries and three main bus batteries. Each battery shall

have a minimum capacity of 40 amp-hrs.

3.5.2.4.3 and 3.5.2.4.4 N/A.

3.5.2.4.5 and 3.5.2.4.6 No change.

3.5.2.5 Integrated Navigation, Guidance and Control System Sec-

tion 3.5.2.5 in the body of the specification is replaced in

its entirety by the following requirements.

3.5.2.5.1 General The CM Stabilization and Control System (SCS)

utilizing commands from the Mission Control Programmer,

shall provide the capability for returning the CM to Earth. The SCS

shall provide this capability independent of data or commands from the

MSFN.

3.5.2.5. i. 1 The principal elements of the SCS shall be gyroscopes

and an accelerometer rigidly mounted to the CM struc-

ture, control electronics and the displays and controls that would nor-

mally be needed for crew operation.

209- 774 O - 66 - 8
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3.5.2.5.1.2 The SCS shall function automatically once initiated.

3.5.2.6 Display and Control Subsystem N/A.

3.5.2.7 Environmental Control Subsystem The CSM shall be equipped

with a nonregenerative ECS which shall provide a conditioned

atmosphere and thermal control for the pressurized inner structural

envelope. The ECS shall also provide thermal control of equipment

where needed.

3.5.2.7.1 Atmospheric Supply The C M crew compartment shall be

supplied with pure oxygen. Referenced to 70°F dry bulb,

the partial pressure of oxygen shall not be less than 180 mm Hg and,

after the boost phase, shall not exceed 300 mm Hg. Stored oxygen

shall be provided in the CM for use in the event that the initial cabin

pressurization is depleted during the flight.

3.5.2.7.1.1 Atmospheric Control No change except delete reference

to crew.

3.5.2.7.2

3.5.2.7.3

3.5.2.8

Water Management N/A.

EMU Support N/A.

Crew Equipment N/A.

3.5.3 Lunar Excursion Module N/A.

3.5.4 Launch Escape System

3.5.4.1 The LES shall be capable of removing the CM from a malfunc-

tioning space vehicle without exceeding the structural limit

of the CM/LES. It shall provide terminal conditions for the CM which

permit safe entry into the lower atmosphere and deployment of the Earth

Landing System (ELS).
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3.5.4.2 The LES shall provide abort capability from before liftoff until

shortly after second stage ignition when the LES shall be

jettisoned. The LES shall be capable of separating from the space

vehicle during a normal mission without degrading space vehicle per-

formance.

3.5.4.3 There shall be no provision for automatic initiation of the LES

in the abort mode,

3.5.5 Adapter

3.5.5.1 General The Adapter shall structurally and functionally

adapt the spacecraft to the launch vehicle. A tie-bar shall

be added to the Adapter. This tie-bar shall simulate the LEM's contri-

bution to the structural integrity of the Adapter.

3.5.5.2 Access The Adapter shall be designed to provide access to

its interior during the prelaunch phase.

3.5.5.3 Deployment The Adapter shall be designed to permit normal

CSM/Adapter separation and shall not interfere with launch

vehicle or spacecraft communications.

3.5.6 Extravehicular Mobility Unit N/A.

3.5.7 Scientific Payload N/A.

3.5.8 Flight Crew Training Equipment N/A.

3.6 Launch Area Only the requirements which are identified with

LC 34 and the Direct Launch Support Facilities are applicable with

the following exceptions:

3.6.3 Support of manned Apollo Saturn IB space vehicle operations

shall not be a requirement for this mission. The capability
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shall be provided to continue those services and operations necessary

to support a launch hold of up to 6 hours occurring after completion of

propellant loading.

3.6.3.3 (f) N/A.

3.6.5.1 (e) Monitoring astronaut performance shall not be a require-

ment for this mission.

3.7 Manned Space Flight Network

3.7.1 General No change.

3.7.2.2

(a)

(b)

Capability

Voice Communications The voice communications subsystem

shall enable:

(a) Simulated voice communications between the CSM and the MCC.

(b) Duplex, 4-wire voice communications between MSFN stations

and the MCC.

Telemetry The telemetry subsystem shall be able to receive:

Operational data from the CSM.

Operational data from each stage of the launch vehicle and the

IU simultaneously with (a).

(c) Engineering data from the space vehicle simultaneously with

(a) and (b).

Tracking The tracking subsystem shall be able to:

Track in angle and range the radar transponders in the IU and

CSM during flight.

(b) Track the transponders in the launch vehicle in angle, range

and range rate during the launch phase.
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(c)

(d)

3.7.2.4

3.7.2.5

3.7.2.6

3.7.2.7

"Skin" track the CM during entry.

Provide sampled tracking data for transmission to the MCC and,

where required, for on-site computation.

Digital Command Communications No change.

Television N/A.

Display and Control The LEM reference is not applicable.

Data Processing No change.

3.7.3 Coverage The MSFN station in the launch area shall be able

to support the prelaunch ^U__l _,,+of *_" o_= .... _h_,_1_ nn the

launch pad.

The MSFN shall provide the coverage capabilities for:

(a) The CSM as specified in Table 3.7-1 (201) of this appendix.

(b) The Saturn IB launch vehicle as specified in Table 3.7-4 (201)

of this appendix.

3.7.4

dix.

Performance The MSFN shall operate with the space vehicle

subsystems as specified in 3.3.5 and 3.5.2.3 of this appen-

During the launch phase, the MSFN, in conjunction with ETR

and launch area instrumentation, shall provide the tracking data needed

to satisfy requirements for flight control, range safety and engineering

data.

The part of the MSFN using equipment operating in C-Band

shall provide angular and range data to the maximum design range of

that equipment. The errors in the data due to noise shall not exceed

1.0 milliradian for angular measurements or 60 feet for range measure-

ments (one standard deviation values - the errors due to noise are, by

definition, Gaussian distributed with zero mean). Bias errors in these
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measurements shall not exceed twice the value of the errors due to

noise.

3.8 Mission Control Center No change except delete 3.8.1 (d).

4.0 Quality Assurance No change.
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TABLE 3. 3 - I

SATURN IB LAUNCH VEHICLE COMMUNICATION AND TRACKING REQUIREMENTS

APOLLO-SATURN 201

STAGE

S-IB

SUBSYSTEM

TELEMETRY

EQUIPMENT

IMPLEMENTATION

NUMBER

OF UNITS

COMMAND DESTRUCT

TRACKING

S-IVB

TELEMETRY

OPERATING FREQUENCY

COMMAND DESTRUCT

INSTRUMENTUNIT

TELEMETRY

ANTENNA SUBSYSTEM MODULATION CHARACTERISTICS REMARKS

• SEE NOTES I. 2 AND 3

POM/FM TELEMETER ONE OMNi-DiRECTIONAL PCN/FM • pCM _iT RATE S!fALL BE 72 KILOHITS/SECONO

MULTIPLEXED WiTH OUTPUT

FMfFM TELEMETER ONE OF S-IB PCM/FM TELEMETER

/PAW/ /FM TELEMETER/

/ // //

"////
MULTIPLEXED WITH OUTPUT

, OF S-IB PCN/FM TELEMETER'

I I I /

_UL T, _XED/_W I TN OU_FPUTj

OF S-IB pCM/FM TELEMETER

,// //

FNIFM

/ ///
////_/' PAN/FN/FM//A"//, /////

RECEIVER ANO DECODER TWO OMNI-DIRECTIONAL

UOUP TRANSPONDER ONE FIXED DIRECTIONAL

PCM/FH TELEMETER ONE OMNI-DIRECTIONAL PCI.I/FM

/

TWO

ONE

//'///
/ FM/F.TELEMETENO/

/////,
/////

/ P;FM J>TEL;TE R/

/ /
SS/FM TELEMETER

/ /

RECEIVER AHD DECODER

TRANSMIT RECEIVE

225-2B0 Mc

225-280 Mc

///

z_c,'///// ,
HOO-H50 Mc

UHF UHF

225-2E0 Mc

, ZTE°3/

goo-qso Mc

225-260 McPCM/FM TELEMETER

"////
MULTIPLEXED WiTH OUTPUT

OF S-IVB PCM/FM TELEMETER

/// /

_SEE H_E 5_

UMNI-DIRECTIONAL

OMNI-DI REUTIONAL

'. Y.>K

/,///Fg"//

PCM/FN

• SEE ;IOTES I AND H

• PAN/FM/FM MODULATION UTILIZED DURINU R & D FLIGHT
PRO_RAN

• SEE MOTES

/ //

¢¢Y//////,
• THIS SYSTEM SHALL BE COMPATIBLE WITH RANGE SAFETY COHNAHD

TRANSMITTERS INSTALLED AT STATIUNS UF THE ETR.

I SEE NOTES I. 2 AHD 3

pCI4 BIT RATE SHALL HE 72 XILORITS/SECOHD

' S/EE;OTE_ ; AN_ " / / /// //

MPAN/FM/FN MODULATIO'4 UTILIZED DURING R & O FLIGqT /

PRUU_M / / # / / / / /

///

,,,////////• SEE HOTE q

/ /

• THIS SYSTEM SHALL DE COMPATIBLE WITH RANge SAFETY CO;44AND
TRANSMITTERS INSTALLED AT STATIOHS OF THE ETR.

• SEE NOTES I, 2 AND 3

• PCM BIT RATE SHALL BE 72 KILOBIT$/SECOMU

• BIT STREAM SHALL COHTAIN ALL S-IYB/IU MISSION COHTROLqATi

O'SEE mO_TF_I,_2 _N / VV V _*f_._._

• PEN BIT RATE SMALL BE '72 X_LOUITSlSECO_ID" _ _ V

_RIT _TREAM SHALL=B_ IDEN,TiCAL.WiTH IU VHF PEM/FMTELEMETER

P-DATA

I I / ,.- / I

/ / COMM,_ND D,ESTRUCT ,

"/ / (EXPERIMENTAL)/

,,- ,/ ,.. .,, / /

TRACKING

MULTIPLEXED WITH OUTPUT
FM/FM TELEMETER ONE 225-260 Mc UF lU VHF PCM/FM TELEMETER

,M.M'PMTELEMETERON ...M." .T.LE.DW,T,OUTPUT
/ / / / / /2-_#-GO ._.-- -- ,F. ,U VHF. PCM/FM/" TELEMETER/

/ / / 'WOLTIGLEXED WITH iOUTPUT/

IF L E 225-260 Mc _ IU V_ PCM? TELEMETER/ // .. /

/i///

C-BAND ONE C-BAHD C-BAND OI I-D_RECTIONAL
RADAR TRAHSPOHDER

FW/FM

/ ' ,///.,-//'//

PULSE

• SEE NOTES I AND q

"'5///////,• SEE NOTES NO

/ /
//..,,>./////////
SUI_E_ S-lIT WORDS AT IO00 IITB/BECOND/ \ / "

""°'E'V V V V,
_THISSYSTEM SHALL IE CDMPATIRLE W_TM'RANGE" / /
/Se, FEIY CONNING TRANSHITTERS INSTALLED AT / / #

ST_TIUNS OF THE ETR. , / / / / /

• PASSENGER TEST SA-201 ONLY ¢I / ¢¢ _" /

• UTILIZES CODING DIFFERENT FROM C-BAUD RADAR TRANSPONDERS

ON SPACECRAFT

AZUSA TRAHSPONOER OHE C-PAWn C-BAND OMNI-DIRECTIONAL FM

__I,kTELEVISIO'h" ' X ' "

TRANEMITTEPY 60NEv_ _ _ _ __ __' Y''<' , ,¢ _K "x" > y'_,
MUTES:

I THIS TELEMETRY SUBSYSTEM SHALL DE

COMPATIBLE WITH THE INTER RANUE
INSTRUMENTATION GROUP STANDAROS

(IRIG DOCUMEMTNU. 106-60.
"TELEMETRY STANDARDS REVlSEU 1962")

2. ALL PCM TELEMETRY SUBSYSTEMS SHALL
BE DESIGNED TO PROVIDE AN ERROR
RATE NOT EXCEEDINU ONE BIT IN I0 e

BITS FOR TRANSMISSIONS TO THE NSFN
kS MEASURED PROM LAUNC_t VEHICLE

EHCODER TO EARTH-BASED DECODER.

7. THE UP-DATA SUBSYSTEM SHALL BE OESIGNEU

IN CONJUNCTION WITH STATIONS OF THE MSFN

SUCH THAT NO MORE THAN ONE CORRECT

MESSAGE SHALL RE REJECTED PER I000

CORRECT MESSAGES AND THAT NO MORE THAN ONE

PER I00 iNCORRECT MESSAGES SHALL BE

ACCEPTED.

3. THIS PUN TELEMETRY SUBSYSTEM SHALL 5.
BE CAPABLE OF TRAN_IITTIH_ THE PCM

OIT STREkJ4 REquIRED FOR REAL-TIME USE
VIA COAXIAL CAULE TO THE C_ECKOUT
FACILITY PRIOR TO LIFT-OFF AND VIA

AN RF LINK PRIOR TO AND AFTER LIFT-OFF.

q. THIS TELEMETRY SUBSYSTEM SHALL

TRAN&WlT DATA REquIREO ONLY FOR
POST-MISSION ANALYSIS VIA AM RF

LINK.

UP TO q VHF STAUE TELEMETERS SHALL BE

MULTIPLEXED OH k COMI40N ANTEHNA SUB-

SYSTEM. WHEff MURE THAN q VHF STASE

TELEMETERS ARE CARRIED, A SECOND

OMNI-DIRECTIONAL ANTENNA SUBSYSTEM

SMALL BE PROVIDED.

NOT PRESENTLY SCHEDULED FOR OPERATIONAL

SATURN IB LAUNCH VEHICLES. HOWEVER,

PROVISIONS TO CARRY THiS TELEMETER SHALL

BE INCORPORATED ON ALL SATURN IB LAUNCH

VEHICLES THROUGH AS-207.

EqUIPMENT/FUHCTIUN

THIS OPERATIONAL

FLIGHT VEHICLE

REQUIRED REQUIRED

NOT
REQUIRED REquIRED

NOT REQUIRED
REQUIRED

HOT NUT

REQUIRED RE_@IRED

31 des

CODING

//

TAeLF 3.3-1

APOLLO SATURN 201
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TABLE 1 5-2,4

CSM COMMUNICATIONS AND TRACKINGREQUIR_'rs

APOLLO-SATURN20I

SUBSYSTEM EQUIPMENT NUMBER OPERATING FREQUENCY
IMPLEMENTATION OF ANTENNASUBSYSTEM NIOI)ULATIONCHARACTERISTICS REMARKS

UNITS TRANSMIT RECEIVE

VOICE COMMUNICATIONS A i /_ /'_ '

(SEENOTE 1) • ALTERNATE HEAR-EARTH VOI'_ COI_4UNiCATIONS CHANNEL VIA
SIMPLEX MODE OF OPERATION `%

WITH MSFN 7 VHF TRANSCEIVER Pl ONE YNF

I

I

I --IL

IWITH R

Y
I
IWITH RECOVERYFORCES

IWITH RECOVERYFORCES`%

i/ y
KEY'i'NG COMMUNICATIONS .

/ V TOMs_v"

I--- SF--/

r_--' -7

I TOMSFN/

I TO MSFN

J FROMLEM.

_--Tx 2

I_,,_ROM EVA \
I

TAPE PLAYBACK /_

,_omEN\
2'-_ 7
I TO MSFN

. I /
TELEVISION

/ _.i/T° MSFN\
UP-DATA /\

k. FROM MSFN
IN" ....

II FROM M/SFN

+RACK,NGA,_, _.

I TOMSFN

t-.i_ .)%,_ ..i

BEACON
TORECOVERYFORCES

EMF ONNI-DIRECTIONAL

\//X \NOLT'PLEX_;N"
"%,_,_$CE I yEIIt _l %,

VNF TRABSCEiVER ill

I .'_I--L

I--- _ ORE m/_+

VHF TRANSCEIVER J2 _ %_

WIF TRABSCEIVER II

/\ Z\

HF TRABSCEIVER ONE HF

SURVIVAL TRABSCEIVEN ONE VHF

NOTES:

• PRIMARY VOICE COMMUNICATIONS CHANNEL WITH LEM VIA SIMPLEX

NODE OF OPERATION \
DSU/_4 TRABBI41T •PRIMARY TRANONI1WER FOR DUPLEX VOICE COMMUNICATIONS

,_L__,_c__ ,,t, EvA/ \-- I ALTERNATE OACK-UP FOR VOICE COMI4DNICATIONS WITH EVA VIA
SIMPLEX MODE DF OPERATtOH

WALTEONATE VOICE COMMUNICATIONS CHANHEL WITH RECOVERY

2 cES VIA SI'LEx NODE OF OPERATION _/

_N & 0 FLIGHT PROUNAW' % /

,/ o-'Ev'E"E ",,/"" "'°'°'c,_'c'"°.......%/ _,

.//

VHF /

J
VHF TRANSCEIVER +I

/ uN,,i_-R,,Dsv+_/._\

,4",=,,.*EL.E'I,E.I 0../
v / ./ /

/ \ i/ ,

,,/\
v -

//-?-'/ /
/\ /\ _//"/UH_EOEDS-_STm

. ..RECEIVER?OECODE,/
//-,
/UH,F,EDWos T.\

., _' /,f

/Reap EzVOt's .AD_'_ . HNE V
/ TN_SeONDER _, r

/
}_..o.o / //

/',,_/

/(.o //c-sAN;/'

\/\
OMNI-DIRECTICNAL

UTILIZES [ITH_ VHF
NEEDVERY ANTENNA

OI_I-DIRECTIGN_4.
NECOVERY ANTERNA _2

/" TRAHSCE/I YEN _1#"
NOI TIPLEXED WITH/

/ /,/
NOLTIPLEXED WITH

/ TRKWSCEIVEN RI /

"//

/ iJTILliES /

,:t+D4'HE:,_A/

/ /
?'DIGECTI2L

/'\

//\\
OSNN4 TRANSMIT

'%

OGBAM RECEIVE

",,,/
/'\,/'-.,/'.

+I+4,¢W, SSO+N

?

/ ,& / /

/ ./ ..../ /
>(

/ ./.,,//

_SHII-DIRECTION _ AM
RECOVERY BEACON ONE VHF RECOVERY ANTERNA+I

TO RECOVERY FORCES .F TNAJ!SCEIVER CW

TO RECOVERYFORCES SURVIVALTRANSCEIVER _J4

I. THE NINIMUIq _RD INELIGIBILITY SHALL
DE 90% FOR NOI_4AL/@_JE COMMUNICATIONS
AND 70_ FOR 3ACV_OMNONICATIONS AS
MEASURED BY U_4_RCOHHEL UNDER
SIMULATED OP_'_JI'NQ CONDITIONS UTI-
LIZING THE_._'ICkN STANDARD METHOD
FOR MEASU_%_RT OF 140NOSYLLASIC _RD
INTELLIGiBIL!TY DATED MAY ZS, i9_.

2. THE TELEMETRY SUSSYSTEM SHALL BE OESIANED

TO PROVIDE SH ERROR RATE NOT EXCEEDING
ONE 6IT IN I0 _ BITS EOR TRANSMISSIONS TO
THE MSFM AS MEASURED FORM C$14ENCODER TO
MSEN DECODER.

3. THIS TELEN[TNY SUSSYSTEW ONALL BE
COMPATIBle WITH THE INTER RABGE

NSTNUMEWTATION _RO_P STANDARDS
IRIG DOCUHEWTgo. lOD-_iO, "TELEWETRT
TABDABDS SEVISED 1902")

H. TNE TELEMETNY _iJ_l_,TEM SMALL lie DESI_ED
TO PNOVlOEJi_.._-_llATE POT EXCEEOIN_ ONE
BIT Ig.JJ_!rO| P_M TELBIETRY TI_MI$-
MISS("_.._'I'RE CON AS NEA_IHEO FRa4 LD4
ERCO_%IP_TOTHE CI4 RECONOEN.

S. THIS PCM TELEMETRY SU3SYSTEkl SHALL HE
CAPABLE OF TRANSMITTING THE PUN 5it

STREMI REQUIRED FOR REAL-TlYE USE VIA
COAXIAL CABLE TD THE CHECKOLT FACILITY
IN THE MILA PRIOR TO LIFT-OFF k_O VIA
AN RF LINK PRIOR TO AHD AFTER LIFT-OFF.

6. NO MORE TH_ _'_ECT ME'EASE SHALL BE
RF.JECTED PF.II_._Tu_'.._qlgORECTMESSAGES AND NO

NONE T_.._N I01 INCORRECT WESBk_e5
ONALL _Ik_._N_CEPTED.

7, TRANONITS SINGLE FSEQUEWCY_)NE ON AS-2_OI

0. TRAMBI41T$ CW ON AB-_|

• SEE "VOICE CONMUNICATIONS WITH MSFN"

• BACK-UP VOICE COMMUHICATIONS CHANNEL WITH LEM VIA SIMPLEX _

NODE OF OPERATION
• RECEIVES LEM PCM/AM DATA
• PRIMARY RECEIVER FOR DUPLEX VOICE COMMUNICATIONS WiTH EVA"

• RECEIVES EVA GIOI4EDICAL DATA SINOLTANEDUSLY WITH EVA /

.#.VOICE % /
• ALTERNATE BACK-UP FOR VOICE COI4MUNICATIONS WITH EVA VIA

SIMPLEX MODE OF OPERATIONS _%%%_ /

• SEE "VOICE CO_OI/UHICATIONS WITH 14SFR"

'_7'CE--_'?
• AL_ pROVIDES BEACON MODE OF OPERATIOH FOR DF AFTER

LANDING
• HF RECOVERY AMTEMttA UEPLOYED AFTER LANDING

• OPERATES ONLY IN DEACON NODE ON AS-201

OPART OF CHEW SURVIVAL EQUIPMENT
• BACK-UP FOR VItF VOICE COMNONIEATIONS WITH RECOVERY

FORCES

I SACK-UP FOR VHF RECOVERY DEACON

• OPERATED ONLY IN BEACON MODE ON AS-20J

IUTILIZED RECOVERY ANTENNA e2 ON AS-201

• RE'VERY ANTEI_NA_)EPLOYED'AT_MAIN CHtJl:E.OEPLOY14EHT_ /

'•NOT UTILIZED IN THIS MODE ON AS-_II

,-% /\ ' /\ /\ ,_
• SEE_TAOLE S._-2B FOR REQUIR_ERTS_ / _ /

,%

V \/ "%/ "%/",*/
"_EE NOTES 2, 3, AND 5 / / / /

• SELECTABLE BIT RATES OF 51.2 KBS SHU I.S KSS /

• ALSO PROVIDES PLAYBACK OF RECORDED CSH PCN TELEMETRY/

• 51.2 KBS BIT RATE UTILIZED_ON AS-201 / /
.' / / / .¢

."TRSHm_TO.AHEQU,NEDDULYFORPDm'-FL,ONTSHALVS,S
+SEEwonB / / / /

hi f Y_" "/( V "_ /

• TRANSMITS DATA REQUIRED ONLY FOR POST-FL]GHT ANALYSI_

9""°TE',+/ \/ \/ \/ \
$._EE "VOICE COM_&ICATIONS WITH L_M_. /'_

• _EE NOTE q/ `% / _ /

• pCM_I_IT RATE OF I.S KILOBITS/SEDUND _ /

/% /\ /% /%

,SEE "VO_CONSHINICATI_ITH Lm"_

/\ /\ /\ /\
iF SEE TA3LE S.5-28 FOR REQUIREMENTS \ / _ ]'

",,,./ \/ _/ \/
" / / / /
"SEE2"ETRYTW""// /

\ /\_,SEE

'_ /\ /\ /\
\/ _/ %

• _SEE TABLE S.5-26 FOR REO4JIREMENTS _ ]_

_W_BCOUEO-._-SIT WORDS _T" IO00 BITS/SECONO V \

• SE NOTE 6_ _ _ ._ LN_._ .>&_ _",._/_'_ _/__ _ ._
• TONI[,SYST_.M ON A_-20, "7" 7 - "7
.,, /\ /\ /\ /_
• SEE TABLE 3.B-20 FOR REQUIREMENTS / \ / \

V \/ .. v \#
¢ s / / /

• UTILIZES CODING OIFFERENT FROM LAUNCH VEPICLE MID LEM/

c?,,o,,O,R+R?SPOHOERS/ / /
• /\ " /\ /% /\
_THREE-TONE RANGE CODE AND COHERENT CARRIER TURN-AROUND

V V V V

I RECOVERY ANTEIfNA DEPLOYED AT MAIN CHUTE DEPLOYMENT

• SEE "VOICE CONMUNICATIONS WITH RECOVERY FORCES"

• SEE "VOICE COMMUNICATIONS WITH MSFN"

LEGEND

3/1/66

EQUI PHENT/FUNCT ION

THIS I LUNARFLIGIIT MISSIOq

RE_IRED REQUIRED

REQUIRED NOTRE_UtRED

NOT REQUIRED
REQUIRED

NOT _DT
REQUIRED REQUIRED

COOIPIG

//
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TABLE 3.7-u,

REQUI RED SATURN I B LAUNCH VEHI CLE COVERAGE
APOLLO-SATURN 201

S-IB BURN _IVB BURN
END OF S-IVB

BURN
+3 MINUTES

VHF TELEMETRY

S-IB

COAST

COMHAND DESTRUCT

S-IB

S-IVB

EXPERIMENTAL COMMAND DESTRUCT

,,

TRACKING

oooP

COVERAGESHALL CONTINUE FOR AT
LEAST ONEMINUTE AFTERTHE END
OF BURN.

2 CONTINUOUSCOVERAGEUNTIL THE
PREDICTED IMPACT POINT OF THE
VEHICLE IS OUTSIDE AREAS
SPECIFIED BY RANGESAFETY,

TWOLAUNCHVEHICLE TRANSPONDERS
SHALL BE TRACKEDCONTINUOUSLY
TO SATISFY RANGESAFETY REQUIREMENTS.

PARTIAL COVERAGE

CONTINUOUS COVERAGE

NOT REQUIRED

TABLE 3.7-_
APOLLO-SATURN 201
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1.0 Scope This appendix to the Apollo Program Specification identi-

fies the performance, design and test requirements which apply

to the Program elements to be utilized for Apollo Saturn Mission

202 (AS-202). These requirements are presented in this appendix

as deviations to the requirements specified for equipment for the

lunar landing mission and the operational version of the Saturn IB

launch vehicle and facilities. Unless otherwise noted, the para-

graphs in this appendix replace in their entirety the identically

numbered paragraphs in the body of the specification.

(1)
1.1 Applicability No change.

1.2 Change Approval No change.

2.0 Applicable Documents No change.

3.0 Requirements

3.1 Performance

version.

Characteristics

General Add: To the extent practicable, the hardware used

on AS-202 shall be of the same design as the operational

(1) The phrase "no change" is used after a section heading throughout

this appendix to mean that the requirement in the body of the specifica-

tion applies to this mission without change.
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3.1.1.2 Mission Performance

3. l. l. 2.1 Mission Mode This Apollo test mission shall be performed

using a non-orbital supercircular entry trajectory. For this

mission the spacecraft, which includes an unmanned CM and an SM,

shall be launched from the Cape Kennedy launch area (LC 34) into the

desired trajectory by a Saturn IB launch vehicle consisting of an S-IB

first stage, an S-IVB (Saturn IB version) second stage and an IU. After

CSM separation from the launch vehicle-spacecraft Adapter, the space-

craft propulsion and guidance systems shall be used to achieve desired

entry conditions for a high heat load. The CM shall be slowed to a safe

landing by aerodynamic braking after separation of the SM, and during

the final phases of the landing sequence by parachute.

3.1.1.2.2 Mission Command A Mission Control Programmer shall be

provided on board the CM which, in conjunction with the

CM guidance computer, shall provide all spacecraft commands neces-

sary for accomplishment of the mission. The Mission Control Programmer

shall be capable, independent of the CM guidance computer, of receiving

signals from ground-based personnel as a backup. The MSFN, including

ETR stations, shall be used for communications with the space vehicle

and for tracking the space vehicle (those stages of the launch vehicle

and those modules of the spacecraft not jettisoned at the particular

point in the mission).

3.1.1.2.3 Payload The payload for this mission shall include a CM

with a heat shield to be tested under high heat load entry

conditions. The objectives of this mission shall be as identified in

Apollo Flight Mission Assignments, M-D MA 500-11.

3.1.1.2.4 Earth Launch Launch capability shall be provided to permit

an initial flight azimuth of 105 °.
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3.1.1.2.5

3.1.1.2.6

3.1.1.2.7

3.1.1.2.8

3.1.1.2.9

Earth Parking Orbit

Injection Opportunities

Lunar Landing Accuracy

Lunar Exploration N/A.

Not applicable (N/A) '_._2'

N/A.

N/A.

Earth Landing The normal Earth landing mode shall be on

water. The capability for water and land landing shall be

as specified in 3.5. i. 24.

3. i. i. 2. I0 Recovery Delete reference to crew.

3.1.2 Program Definition No change.

3.1.3

3.1.3.1

3.1.3.2

3.1.3.3

Operability

Logistics No change.

Safety No change.

Reliability The numerical reliability values for mission

success given in Table 3.1-2 shall be used where applicable

for engineering design and as a standard for evaluating test results.

The probability of mission success for the S-IB stage shall be at least

0.95.

The preflight phase begins with the decision to start the

countdown for launch and ends with launch. The flight phase begins

with space vehicle liftofffrom the launch pad and terminates with re-

covery of the CM.

(2) The phrase "not applicable" is used after a section heading through-

out this appendix to mean that the requirement in the body of the speci-

fication does not apply to this mission.
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3.2 Program Standards No change.

3.3 Saturn IB Launch Vehicle

3.3.1 General The Saturn IB launch vehicle shall be composed of two

stages, S-IB and S-IVB (Saturn IB version) and an IU (Saturn IB

version). The control weights shall be as specified for AS-202 in Table

10. l-l, Appendix 10.1. The launch vehicle shall have the capability

of orienting and stabilizing the spacecraft at its proper attitude prior to

separation of the CSM from the S-IVB/IU and the Spacecraft Adapter.

In addition, the S-IVB and the IU shall be capable of meeting the re-

quirements of this specification under the natural environment of

terrestrial space as given in 3.0 of M-DE 8020. 008B.

3.3.1.1 Payload The launch vehicle shall have the payload capa-

bility specified for AS-202 in Table 10. l-l, Appendix 10.1.

3.3.1.2 Standby Time No change.

3.3.1.3 Prelaunch Checkout No change.

3.3.1.4 In-Flight Performance Evaluation No change.

3.3.1.5 Emergency Detection Subsystem No change.

3.3.1.6 Instrumentation An instrumentation subsystem shall be pro-

vided in the launch vehicle to permit ground personnel to

evaluate launch vehicle performance.

3.3.1.7 Command Destruct No change.

3.3.1.8 Electrical Power No change.

3.3.2

3.3.2.1

3.3.2.2

Structure No change.

Prelaunch Environment No change.

Launch and Flight Environment The launch vehicle shall be capa-

ble of being launched in the 90 percentile peak surface wind con-

ditions given in 2.3.2.3 of M-DE 8020.008Band associated wind shears given
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in 2.3.2.4 of M-DE 8020.008B. The launch vehicle shall be capable of

flight in the 95 percentile quasi-steady state in-flight winds given in

2.3.2.5 of M-DE 8020.008B. In addition, the vehicle shall be capable

of flight with 85 percent of the 99 percentile wind shears given in

2.3.2.6 of M-DE 8020.008B, and with 85 percent of the quasi-square

wave gust given in 2.3.2.8 of M-DE 8020.008B, both superimposed on

the 95 percentile quasi-steady state in-flight winds given in 2.3.2.5 of

M-DE 8020. 008B.

3.3.3 Propulsion No change except:

The H-1 engine thrust shall be 200,000 + 6,000 pounds.

The J-2 engine shall provide a nominal vacuum specific impulse

of 422 seconds and a minimum vacuum specific impulse of 418 seconds.

3.3.4

except:

3.3.4.1.1 (b)

3.3.4.1.1 (c)

3.3.4.1.1 (e)

3.3.4.1.2

Launch Vehicle Guidance, Navigation and Control No change

N/A.

Be capable of guiding the space vehicle into a super-

circular lob-type trajectory.

Include a means for checkout of the launch vehicle guid-

ance, navigation and control system on the launch pad.

N/A.

(a)

(b)

Saturn IB Launch Vehicle Communications and Tracking

General The Communication and Tracking System of the

Saturn IB launch vehicle shall have the following capabilities:

Telemetry transmi s sion.

Tracking aid.

|
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(c)

(d)

3.3.5.2

Command-destruct data reception.

Television transmi s sion.

Functional Capability Delete the 4.5 hour operating require-

ment for all telemetry and tracking aid subsystems. Replace

with the requirement that these systems shall operate continuously from

liftoff to Earth impact. Delete the requirement for the up-data subsys-

tem (3.3.5.2.3). Add the following paragraph:

3.3.5.2.5 Television The television subsystem in the IU shall be

capable of providing television transmission of the deploy-

ment of the Adapter panels to suitably equipped stations of the MSFN

within line-of-sight of the IU.

3.3.5.3 Coverage Capability The Saturn IB Communication and Track-

ing System shall be able to operate with the MSFN to achieve

the coverage specified in Table 3.7-4 (202) of this appendix.

3.3.5.4 Performance The Saturn IB Communication and Tracking Sys-

tem shall meet the requirements specified in Table 3.3-1 (202)

of this appendix.

3.4 Saturn V Launch Vehicle N/A.

3.5 Spacecraft

3.5.1 General The spacecraft shall be composed of a CM, SM, LES

and an Adapter. The spacecraft shall be designed to be mated

to a Saturn IB launch vehicle.

Spacecraft control weights shall be as specified for AS-202 in

Table 10.1-3, Appendix 10.1.

An instrumentation subsystem shall be provided in the space-

craft which shall permit ground personnel to monitor and evaluate
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spacecraft performance. The spacecraft shall be capable of utilizing

data from Earth-based tracking and computing facilities in conjunction

with onboard computations.

No equipment or components critical to the completion of the

mission shall be dependent on the cabin atmosphere for electrical insula-

tion or thermal conditioning. Only those materials which do not present

a fire hazard or emit harmful quantities of atmospheric contaminants when

exposed to an oxygen-enriched, low-pressure environment shall be used

in the pressurized inner structural envelope of the CM.

3.5.1.1 through 3.5.1.3 No chanqe.

3.5.1.4 Standby Time The spacecraft shall have the capability to.

stand by in a loaded condition, after launch vehicle pro-

prellant loading, for 10 hours and still perform the mission.

3.5.1.5 Launch and Flight Environment The spacecraft shall be capable

of being launched in the 90 percentile peak surface wind conditions

given in 2.3.2.3 of M-DE 8020.008B and associated wind shears given

in 2.3.2.4 of M-DE 8020.008B. The spacecraft shall be capable of

flight in the 95 percentile quasi-steady state in-flight winds given in

2.3.2.5 of M-DE 8020.008B. In addition, the spacecraft shall be

capable of flight with 85 percent of the 99 percentile wind shears given

in 2.3.2.6 of M-DE 8020.008B, and with 85 percent of the quasi-square

wave gust given in 2.3.2.8 of M-DE 8020. 008B, both superimposed on

the 95 percentile quasi-steady state in-flight winds given in 2.3.2.5 of

M-DE 8020. 008B.

3.5.1.6 Terrestrial Space Environment The spacecraft shall be capable

of operating in the terrestrial space environment as given in

Section 3 of M-DE 8020.008B.

209-774 0 - 66 -9
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3.5.1.7 through 3.5.1.17 N/A.

3.5.1.18 Sterilization No change.

3.5.1.19 through 3.5.1.21 N/A.

3.5.1.22 Entry The CM shall be capable of controlled flight through

the Earth's atmosphere (as given in 2.5 of M-DE 8020. 008B)

to a preselected impact area having a ground range of 2500 nm from the

entry point (defined as the point at which the vehicle first descends

through the 400,000 feet altitude level). This shall be possible for a

nominal inertial entry velocity of 28,500 fps and a flight path angle of

-3.5 °. The design limit entry load for all CM systems shall be a 20g

deceleration.

3.5.1.23 Aerodynamic Characteristics No change.

3.5.1.24 Landing No change.

3.5.1.25 Postlanding The CM shall be capable of floating for seven

days under conditions given in 2.8 of M-DE 8020. 008B.

3.5.1.26 Recovery The CM shall be equipped with recovery aids to

assist recovery forces in locating it and in effecting re-

covery of the vehicle.

3.5.2

3.5.2

3.5.2

3.5.2

3.5.2

3.5.2

3.5.2

3.5.2

Command and Service Module

.1

.1.1

.1.2

.1.3

.1.4

.1.5

.1.6

Structure

Cabin Space N/A. See 3.1.i.i (AS-202).

Windows N/A. See 3.1.I.i (AS-202).

Ingress and Eqress N/A. See 3.1.I.i (AS-202).

Docking N/A.

Thermal Requirements No change.

Extravehicular Mobility Unit (EMU) Storage N/A.

P
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3.5.2.2 CSM Propulsion

3.5.2.2.1 General Thrust, specific impulse, minimum impulse and

propellants for CSM propulsion subsystems shall be as

specified in Table 3.5-1 except that SPS thrust shall be 21,500 4-215

pounds, SPS nominal vacuum specific impulse shall be 311.2 seconds

and SPS minimum vacuum specific impulse shall be 307.6 seconds.

The service life of propulsion subsystems after pre-mission testing shall

allow the engines to be fired for sufficient time to deplete propellants

available when all propellant tanks are loaded to the maximum capacity.

3.5.2.2.2 Command Module Reaction Control Subsystem No change

3.5.2.2.3

3.5.2.2.4

(a)

(b)

(c)

(d)

(e)

3.5.2.3.

3.5.2.3.

(a)

except delete provisions for dumping unburned propellant.

Service Module Reaction Control Subsystem No change

except delete reference to LEM.

Service Module Propulsion Subsystem The SPS shall pro-

vide thrust for translational maneuvers of the CSM.

CSM Communications and Tracking

General The CSM Communication and Tracking System shall

provide the following capabilities:

Simulated voice communications.

Telemetry transmission.

Tracking aid.

Up-data reception.

Recovery beacon transmission.

2 Functional Capability

2.1 Voice Communications A single-frequency tone shall be

used to simulate voice communication from:

The CSM to the MSFN.
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(b)

(c)

3.5.2.3.

(a)

(b)

(c)

3.5.2.3.

3.5.2.3.2.4

The CSM to the launch complex prior to liftoff.

The CM to the recovery forces.

2.2 Telemetry The telemetry subsystem shall be able to:

Transmit operational data from the CSM to the MSFN.

Transmit the data required for postflight analysis.

Operate continuously from liftoff to Earth impact.

2.3 Tracking Aid The tracking aid subsystem shall enable

the MSFN to track the CSM.

Up-Data The up-data subsystem shall be able to:

(a) Receive data from the MSFN.

(b) Supply up-data verification signals to the MSFN via the CSM

telemetry subsystem.

Television N/A.3.5.2.3.2.5

3.5.2.3.

3.5.2.3.

3.5.2.3.

2.6 Recovery Beacon No change.

3 Coverage Capability

3.1 CSM-MSFN The CSM Communication and Tracking Sys-

tem shall be able to operate with the MSFN to achieve

the coverage specified in Table 3.7-1 (202) of this appendix.

3.5.2.3.3.2 CSM-LEM

3.5.2.3.3.3 C SM-EVA

3.5.2.3.4 Performance

N/A.

N/A.

The CSM Communication and Tracking System

shall meet the requirements specified in Table 3.5-2A(202)

and Table 3.5-2B (202) of this appendix.

3.5.2.4 Electrical Power Subsystem

3.5.2.4.1 General The C SM EPS shall generate and distribute all of

the electrical power required by the CSM during all phases

of the flight plus 48 hours of the postlanding recovery period. Until SM

separation, the primary source of electrical power shall be fuel cells
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and batteries.

batteries.

3.5.2.4.2

After SM separation, CM power shall be supplied by

Nominal Capacity The EPS shall utilize three liquid hydro-

gen and liquid oxygen fuel cells, and shall be capable of

supplying a total of 575 kwh of electrical energy. Each fuel cell shall

be capable of supplying power over a range from 565 watts to 1400 watts.

In addition to the three entry and postlanding batteries, three 40 amp-hr

batteries shall be available to supply extra power required by the mis-

sion programmer and R&D instrumentation.

3.5.2.4.3 Sizing N/A.

3.5.2.4.4 Water and Oxygen Supply The EPS shall supply water and

oxygen to the ECS.

3.5.2.4.5 and 3.5.2.4.6 No change.

3.5.2.5 Integrated Navigation, Guidance and Control System Section

3.5.2.5 in the body of the specification is replaced in

entirety by the following requirements.

3.5.2.5.1 General The Primary Navigation, Guidance and Control Sys-

tem (PNGCS) and the Stabilization and Control System (SCS)

shall be used in conjunction with the Mission Control Programmer (MCP)

to provide the CSM with the capability of executing the unmanned AS-202

flight sequences, and for returning the GM to the designated landing

area. The PNGCS and SCS shall provide CSM guidance and control after

CSM separation from the launch vehicle. The MCP and SCS shall pro-

vide guidance and control in the event of PNGCS failure.

Spacecraft control during the mission shall be provided by

the Apollo Guidance Computer (AGC) in conjunction with the MCP. The

AGC shall initiate spacecraft guidance and control functions. As a
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backup the MCP shall be able to accept discrete ground commands

independent of the PNGCS so as to provide spacecraft control.

3.5.2.5.1.1 The principal elements of the PNGCS shall be an IMU, a

digital computer, an optical subsystem, and controls.

3.5.2.5.1.2 The principal elements of the SCS shall be gyroscopes,

an accelerometer rigidly mounted to the CM structure,

control electronics and controls.

3.5.2.5.1.3 The PNGCS shall provide means for checkout on the

launch pad utilizing the prelaunch checkout equipment.

3.5.2.5.1.4 The PNGCS shall:

(a) Permit the AGC to accept commands and navigation data from

the MSFN via the up-data link.

(b) Provide means for monitoring the position, velocity, attitude

and attitude rates of the Apollo space vehicle during burns

of the S-IB and S-IVB stages.

(c) Provide for alignment of the SCS inertial attitude reference

from the PNGCS.

(d) Provide for prelaunch alignment of the PNGCS IMU.

3.5.2.6 Display and Control Subsystem N/A. See 3.1.1.1 (AS-202).

3.5.2.7 Environmental Control Subsystem The CSM shall be equipped

with a nonregenerative Environmental Control Subsystem (ECS)

which shall provide a conditioned atmosphere and thermal control for

the pressurized inner structural envelope. The ECS shall also provide

thermal control of equipment where needed.

3.5.2.7.1 Atmospheric Supply The pressurized inner structural

envelope shall be supplied with pure oxygen to maintain

a partial pressure of oxygen not less than 180 mm Hg throughout the

mission and not more than 300 mm Hg after the launch phase, referenced
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to 70°Fdrybulb. The primary source of oxygen shall be the EPS located

in the SM. The ECS shall be capable of maintaining a cabin pressure of

not less than 3.5 psia for at least 15 minutes following a 0.25-inch

diameter puncture. This capability shall not be required in the CM after

SM separation. The ECS shall provide stored oxygen in the CM for use

from SM separation to CM touchdown.

3.5.2.7.1.1 Atmospheric Control No change except delete reference

to crew.

3.5.2.7.2 Water Management In addition to water loaded on board at

launch, the ECS shall receive water from the EPS.

3.5.2.7.3 EMU Support N/A.

3.5.2.8 Crew Equipment N/A.

3.5.3 Lunar Excursion Module N/A.

3.5.4 Launch Escape System

3.5.4.1 The LES shall be capable of removing the CM from a malfunc-

tioning space vehicle without exceeding the structural limit

of the CM/LES. It shall provide terminal conditions for the CM which

permit safe entry into the lower atmosphere and deployment of the ELS.

3.5.4.2 The LES shall provide abort capability from before liftoff until

shortly after second stage ignition when the LES shall be

jettisoned. The LES shall be capable of separating from the space

vehicle during a normal mission without degrading space vehicle per-

formance.
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3.5.5 Adapter

3.5.5.1 General The Adapter shall structurally and functionally con-

nect the spacecraft to the launch vehicle. A structural

stiffener shall be added to the Adapter. This stiffener shall simulate the

LEM's contribution to the structural integrity of the Adapter.

3.5.5.2 Access The Adapter shall be designed to provide access to

its interior during the prelaunch phase.

3.5.5.3 Deployment The Adapter shall be designed to permit normal

CSM/Adapter separation and shall not interfere with launch

vehicle or spacecraft communications.

3.5.6 Extravehicular Mobility Unit N/A.

3.5.7 Scientific Payload N/A.

3.5.8 Flight Crew Training Equipment N/A.

3.6 Launch Area Only the requirements which are identified with

LC 34 and the Direct Launch Support Facilities are applicable

with the following exceptions:

3.6.3 Support of manned Apollo Saturn IB space vehicle operations

shall not be a requirement for this mission.

(f) N/A.

(e) Monitoring astronaut performance shall not be a

requirement for this mission.
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3.7 Manned Space Plight Network

3°7° 1 General No change,

3.7.2 Functional Capability

3.7.2.1 Voice Communications The voice communications subsystem

shall enable:

(a) Simulated voice communications between the CSM and the MCC.

(b) Duplex, 4-wire voice communications between MSFN stations

and the MCC.

3.7.2.2 Telemetry The telemetry subsystem shall be able to receive:

(a) Operational data from the CSM.

(b) Operational data from each stage of the launch vehicle and the

IU simultaneously with (a).

(c) Engineering data from the space vehicle simultaneously with (a)

and (b).

3.7.2.3 Tracking The tracking subsystem shall be able to:

(a) Track in angle and range the radar transponders in the IU and

CSM during flight.

(b) Track the transponders in the launch vehicle in angle, range

and range rate during the launch phase.

(c) Provide sampled tracking data for transmission to the MCC and,

where required, for on-site computation.

3.7.2.4 Digital Command Communications No change.

3.7.2.5 Television The television subsystem shall be able to re-

ceive, record and display television transmission from the

IU locally at the Cape Kennedy and Antigua sites.
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3.7.2.6

3.7.2.7

3.7.2.8

Display and Control The LEM reference is not applicable.

Data Processing No change.

Timing No change.

3.7.3 Coverage Capability The MSFN station in the launch area

shall be able to support the prelaunch checkout of the space

vehicle on the launch pad.

The MSFN shall provide the coverage capabilities for:

(a) The CSM as specified in Table 3.7-1 (202) of this appendix,

(b) The Saturn IB launch vehicle as specified in Table 3.7-4 (202)

of this appendix,

3.7.4 Performance No change except the MSFN shall operate with

the space vehicle subsystems as specified in 3.3.5 and

3.5.2.3 of this appendix.

3.8 Mission Control Center No change except delete 3.8.1 (d).

4.0 Quality Assurance No change.



209-774 O - 66 (Face p. 202-16) No.l

APPENDIX 202

TABLE 3. 3- I

SATURN IB LAUNCH VEHICLE COMMUNICATION AND TRACKING REQUIREMENTS

APOLLO-SATURN 202
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(TRISSVSTEM/$HALL _E COMeRTi%E WITH RAN_,E ./

SAFETY COMMAND TRAHSHITTERS INSTRLLED AT

STATION'S OF THE ETR. ._ r/x%

%/"

N PASSEMGER TEST, SA_-20I OI,Ly/ _ ../

• UTILIZES CODING DIFFERENT FROM C-BAND RADAR TRAHSPONDE_S

Oil SPACECRAFT

/ A ._'RROR XRR_Gm_T / /

lORE CAMERA MITH
WILL" ¥1EM ALL ADAPTER PANELS AND

.,,,,pANEL HINGE _IMTS ON AS-2_2//

3/ 66

THIS TELEMETRT SUBSYSTEM SH•LL

TRANEMIT DATA REQUIRED DULY FOR
POST-MISSION ANALYSIS VIA AN RF
LIME.

U_ TO H VHF STAGE TELEMETERS SHALL BE

MULTIPLEXED OH A COI4NON ANTEflNR DUB-

SYSTEM. MOEMMORE TRAM H VHF STAGE

TELEMETEUS ARE CARRIED, A SECOND
OMNI-DIDEOTIODAL ANTENNA SUBSYSTEM

SHALL BE PROVIDED.

NOT PRESENTLY SCHEDULED FOR OPERATIONAL

SATURN l! LJ_INCN VEHICLES. UOWEVER,

PROVISIDUS TO CARRY THIS TELEMETER SHALL.

DE INCORPORATED ON ALL SATURN IB LAUNCH

VEHICLES THROUGH AS-207.

THE UP-DATA SUNSYSTEN SHALL BE DESIGNED

IN CONJUNCTION WITH STATIONS OF THE MSFN

SUCH THAT NO MORE THAN ONE CORRECT

MESSAGE SHALL HE REJECTED PER IDUO

CORRECT MESSAGES AND THAT NO MOHE THAN ONE

PEN I0 D INCORRECT MESSAGES SHALL BE

ACCEPTED.

EQUIPMENT/FUNCTION

THIS OPERATIONAL

FLIGHT I VEHICLE

RET_UIRED REQUIRED

MOT
REQUIRED REQUIRED

MOT REQUIRED
REQUIRED

HOT NOT

RE_qJIRED REQUIRED

CODING

//

TABLE 3.3-I

APOLLO-SATURH 202
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TABLE3. 5 -2A

CSM COMMUNICATIONS AND TRACKING REQUIRE/VENTS

APOLLO-SATURN 202

NUMBER
OF

UNITS

OPERATING FREQUENCY

SUBSYSTEM EQUIPMENT ANTENNASUBSYSTEM
IMPLEMENTATION

VOICE COMMUNICATIONS
(SEENOTE1) UNIFIEDS-BARDSYSTEM

WITH MSFN OREVHF TRANSCEIVER _I

F _ VHF A

WITH LENt VNFTRANSCEIVER_2

_-- / VHF SCE,VE,%/AN//
/ E OVERY FOR,,.,ES BFTRANSCEIVER ONE

/WITH RECOVERYFORCES/ VHFTRANSCEIVER_/I
/ V
KEYING CONVAUNICATfON.S

/ _/TO MSFNx UNIFIED S-BAND SYSTEM

TELEMETRY

TO MSFN UNIFIED S-BAND SYSTEM

TRANSMIT RECEIVE

VRF VHF

/>-\/

OMNI-OIRECTIONAL

MULTI PLEXE/_Dwl_l_ _

_yCElVER,i _%_a

OMNI-D I RECTI ORAL

4ULTIPLEXED WITH VHF

BEACON ANTENNA AFTER ENTRY

MODULATIONCHARACTERI STICS REMARKS

• SEE TABLE 3.5-28 FOR REQUIREMENTS

• ALTERNATE llEAII,-,_.ARTH'_(IICE _(_IUIff¢/_TiON|

$11,WLEX I_E OF O_EeATION,%

• PRtklAIIV VOICE C_IMUNICATIONR CHAUE_ NITII LEll VtJL S I_
V,O_E Of J)ffBATION _ "

eF'RIWA_Y T_I_ER FOR DUPLEX VOICE _#CKfI01_

DSOAN TRANSMIT _ITN EVA/

DSBAM RECEIVE • ALTEI]gATE RAOM-U_ FOR VOICE CO_fAUNICATIO#$ gl'rff EVA ¥tJL

SIMPLEX MODE OF _ERATION

_LTIERNATE VOICE CO_J4ONIGATIONS CIf_NNEt. WITH RECOVERY J

/_O_ES VIA S_LEX _OE or OeE.n_ \ /
PROVIDES BEACO_ M_OE OF OPERATION FOR DF AFTER LANDING

• UTILIZED FOR ¥OICE kilO.DATA TRAN_II$_I_

$1MIJ_ATION DURIN_ R A D_FLIGNT PEOGR&M %.. j_ •SEE"vo,DECONW"IOAT',.$''.THLE_ \ /
, N/ "v,,

Ill BEE "VOICE COHMUNICATIOEG WITN MG_N /_

V \/ \/ . . V
0 BACK-UP VOICE CONMUMICATIONB CHA_NEt "WITH L_ VIA TIMEX

_OE OF OPERATION

\\ / %,0 RECEIVES LB4 P(_II_M DATA / "_

"-. _1_ l_t_,_/ _ .',MAR,REOE,.R,oRDUPLEX.O,_EC.ON,CA.,_k*_.E.
"_ NtRECEIVES EVA BIOMEDICAL/DATA $|HULT_EOUDLY W _NEV_

/ voicE\ /
• ALTERNATE,BACK-UP FOR VOICE _RICATIOR$ WITH EVA ¥|A_

/ SFNR'LEX _E (IF OPEBATIOR$

.... ,\ /\ /\/."E'VOIOEC--.,<.,IONGW*NMG,.'/
_ \_V \/ "-/ _/ V,

i \ /%. /\

v ........v v \./
AM CW SSB • PROVIDES BEACON NODE OF OPERATION FOR OF AFTER LARDING

• HF RECOVERY ANTENNA OEPLOYEO AFTER LANDING

77 • /

_TO MS_N_N _'" / /"//PEM/FM TELEMETER / _/////// /_ " / //

/2';OMp ,,. z ,z :,/TRANSCEIVER '1/ / / / ;RZ-C/_ERIAL 'IT/TRE V / /

TAPEP_YBACKI
• TOMSFN\ UNIFIED S-BAND SYSTEM

rNx N/N#

fELEV_S_ON /\

\ /TO MSFN UNIFIEDS-BANDSYSTEM........ \/ \

• SEE "VOICE CONWUNICATIONS WITH MSFN"

• SEE TABLE 3.5-2B FOR REQUIREMENTS

• SEE TAOLE 3.5-2B FOR REQUIREMERTS

• _TILi_EO F_ VO_'_E ANb/DATk_TRA_'_41S_'I_'N s'r_LA_I_URfMG

R & O FLIGHT PROGRAM _ _ %( %'_ '_ v %.,

OSEE "VOICE COMNUNICAflONS I_ITR LEM" _'_'_/_
• %/' %/ \/ _/ _. .. %/%£% /%

_ELEC'I'AIIf.IE lilt RATER 0_" _f_ [fLOMfT_!RECONI_" _ _,,e ._

' KILOBITS/SECOHO / / / / / , / /
• ALSO PROVIDES PLAYBACK OF RECORDED CSN PCM TELEMETRY

,- / / / / / / / / / t/
oTRANSMITS DATA REOUIRED _RLY FOR POST-FLIGHT ANALYSIS/
• SEE NOTE 3 /////, . . / .. / .. / .... ,,

__ ,% X K x _c ",r _e* K W _t"
n

"I_,,TBANSMITS DATA REOUIRED ONLY FOR POST-FLIGHT ANALYS_S/_

"_-E_-"°_sY "X""_ "X"W "x" W "x'"x'
•SEE"VO,_%,W,_ICAT,O,,$¢_,L_,. /N -
• SEE NOTE M N / \ /" _'_

_.'O,TRATEO_I.,.,ILOO,TS_SECORO,/\/
'\ /\ /N /N
• SEE "VOICE COMNUNICATIONS MITH LEM"\i v V "
• SEE TkRLE 3.5-2B FOR REQUIREMENTS

"%.EE TOSF,

TRANSMITS d;RDED PSMF,_M OA_

• SEE TABLE 3.5-2B FOR REQUIREMENTS

UP-DATA
(SEENOTE6)

TRACKING AID
TOMSFN

O MSFN /

BEACON
TO RECOVERYFORCES

TORECOVERYFORCES

TORECOVERYFORCES

FROM MSFN UNIFIED S-OkNO SYSTEM

r-/'-/--/-/ i / / ///
IFROM MSFN / RECEIVERANDDECODER
m/ / // / / / / V/

UNIFIED S-BAND SYSTEM

/ //_-RANORAOA;//
/ yAM_oNc_y/ /

_RENDEZVOUO RADAR /

-- TR_SPONDEM V

VHF BEACON

//0,4//
"\ONG//"

ONE

/ /

_Mo_

VHF

• //
_/_- _.50 Mc__

/ / /

- //
'4C-B_ ° /

xC\
\/, , "_

TRUTrdZES/ / /
ANSCEIVER #I / /

,IN-FLIGHT ANTENNA /

//////
OMNI -DIRECT IONAL

/ / / / /,r'

oi o,

ONIqI-OI RECTIONAL

HF TRANSCEIVER HF

VHF TRANSCEIVER _1 VHF MULTIPLEXED WITH VHF
BEACON ANTENNA AFTER ENTRY

MOTES:

• / pSH/F//

¢ /
PULSE

AN

• SEE TABLE 3.5-20 FOR REQUIREMENTS

_B/ / / / / / / /////
COOED 5-BIT WORDS AT I000 BITS/SECOND / / .I"

/., / / / / / _ / // //

• SEE TABLE 3.5-2B FOR REQUIREMENTS

/ /////// /
_UTILIZEdODING DIFFERENT FROM LAUNCH VERICL_'ANO LEl,_/

-- ,C'BAND RADAR__.TRANSPONDERS./ / / / • / /

• THREE TONE RANGE _OE AND
_/ V %/'

• VHF RECOVERY ANTENNA DEPLOYED AT MAIN OHUTE DEPLOYMENT

• BEACON _S MULTIPLEXED WITH TRANSCEIVER _l AFTER ENTRY

• SEE "VOIOE COMMUNICATIONS WITH RECOVERY FORCES"

• SEE "VOICE CONMUNICkTIONS WITH MSFN"

3/I/66

I. THE MINIMUM WORD INTF_IOIOILITY SHALL

BE 90% FOR NORNAL_C(N4MUNICATIONS
AND 70% FOR BACV_/'e_'_aNICATIONS AS
MEASURED BY i _ _NEL UNDER
SI MULAT _DBe_" _I'_._CO'_:', T I OHS UTI-

LIZING _' _kR STANDARD METHOD
FOR ME_ ._T OF MONOSYLLABIC WORDNTELL h ii!"DO0

2. IRE TELEMETRY SUBSYSTEM SHALL BE DESIGNED

TO PROVIDE AN ERROR RATE NOT EXCEEDING
ONE BIT IN I0 e BITS FOR TRANSMISSIONS TO

THE NSFN AS MEASURED FORM CSM ENCOOER TO
MSFN DECODER.

3. THIS TELEMETRY SUBSYSTEM

SHALL BE COMPATIBLE WITH THE
INTER RANGE INSTRUNEMTATIOR

GROUP STANDARDS (IRIG
DOCUMENT NO. i06-60, "TEL-
RETRY STANDARDS REVISED

1962")

4. TEL_4E_
TO PROVIDe' NOT EXCEEDING ORE

THE TELEMETRY SUBSYe=_ SHALL BE DESIGNED

BIT _ [_ _ TELEMETRY TRANS-

14IS__ ASeNEASURED FROM CEM
ENCOz., _0 THE CSM RECORDER.

THIS PSM TELEMETRY SUBSYSTEM SHALL

CAPABLE OF TRANSNIB_'ING THE PEN BIT STREAM

REQUIRED FOR REAL-TIME USE VFA COAXIAL

CABLE TO THE CHECKOUT FACILITY IN THE MILk

PRIOR TO LIFT-OFF AND VIA AN RF LINK PRIOR

TO AND AFTER LIF1-OFF.

NO MORE THAN ONE CORRECT MESSAGE SHALL BE

REJECTED PER I00_ CORRECT MESSAGES ARD go
MORE THAN ONE PER IO N INCORRECT MESSAGES SHALL
BE ACCEPTED.

LEGEND

EQUIEMENT/FUNCTIOR

THIS LUNAR

FLIGHT _ MISSION

REQUIRED REQUIRED

NOT

RE(_JIRED REQUIRED

NOT

REQUIRED REQUIRED

NOT MOT

REOLURED REQUIRED

COOING

TABLE S.G-2A

APOLLO-SATURN 207,
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TABLE 3. 5 -2B

CSM UNIFIED S-BAND COMMUNICATIONS AND TRACKING REQUIREMENTS

APOLLO-SATURN 202

SUBSYSTEM

VOICE COMMUNICATIONS

(SEE NOTE 1)

WIre MSFN

EQUIPMENT

IMPLEMENTATION

FN THANSI_FrI"EII iii

OPERATING FREQUENCY

ANTENNA SUBSYSTEM

TRANSMIT RECEIVE

I- I CTI

_OANO S-BAND

MULTIPLEXED

S-NARD TRANSPONDER

O_411-DIRECTICHAL

ANTENNA SYSTEM

MODULATION

CHARACTER ISTICS

FM/PM TRANSMIT -

1.25 141: SUBCARRIER

FM/PI4 RECEIVE

HO Kc SUBCANRIER

USEIL&ND

FM/FMTR&NSUIT

1,25 SUBCARRIE

REMARKS

• TRANSPONDER FRE_4_ENCY SHALL BE COHERENT WITH SIGNALS
RECEIVED FHOMTHE MSFN AND IN THE RATIO OF 2_0:22i

,_-.T_n,_Fo_r.,_ m_'--
OF VOICE

EMERGENCY_OICE TEAm,_III,,$1_,_

THIS CAPANILITY JHPROVIOED OilLY M+EM THE CAPABIL-

ITY FOR SIMULTANEOUS IMANO FMH+EAO0 TRANSMISSION

BE NECEPTIOR
%

THIS CAP_WILIyY IS PROVIDED _LY YK_EN THE
FOR $1NULTJUIEOU$ _RAHSNISSroH IS

eeowoED _ %_
SEE "UP-pATH FEOMH|FO \

THIS TRANSMITTER OPERATES ON THE SANE FREQUENCY AS THE

TRANSPONDER, THEREFOREqT IS PROVIDED OMLY OR THOSE FLIGHTS

FOR _ICH SIMULTANEOUS PM AND EM S-HAND TRARSMISSIOM IS

ROTHEW,RE_/ / / / / /
• VOICE RECEPTION IS ACHIEVED VIA PH RECEPTION OF 30

FN SUBCANRIER, / / / / /

TRANSMITTER ALSO PROVIDES FOR

DATA, TELEVISION, AND TAPE

TELEMETRY

TO MSFN

I
I

I

FM TOANGPOMeED

F_I TIMOHPOMBED

FM TR&NSMI TTED Ill

H-BARD

ec_/P_leM
1.02il Mc SUBCANRiER

NHZ-C SERIAL BIT HTREEM

EM/FM/EM

7 SUBCANRIERS ON 1.2HMc

VOICE SUBCARRIER

eCMI_IEM

1,02qMc SUOCARRIER

NRZ-C

OS He, KC,

SUSCASRIERS

_OANO TOAN SPOINOER

m/m
05 Ac, 125 Ac, I05 lc

SUGCAEDIEN$

125 Kc,

SEE "VOICE COMMUNICATIONS WITH NSFN"

SEE "VOICE CONI4URiCATIONS WITH MSFN"

SELECTANLE BIT RATES OF 5L.2 KiLOBITS/SECONO ANO

1.6 KILOBITS/SECORD

• SEE NOTES 2 AND 3

"VOICE COMMUNICATIONS WITH MSFN"

BELAY OF COMPOSITE EVA VOICE AND 7 CHANNELS OF EVA

TELEMETRY ON VOICE SURCARRIER WHEN SIMULTANEOUS EM
AND FM S-BAND TRANSMISSION CAPABILITY IS PROVIDED.

"VOICE WITH
/

SELECTABLE BIT RATES OF 51.2 KILOBITS/SECON

I.G KILOBiTS/SECCHO

B 8/EE "VOICE CO_RICATIONS WITH'MSFN"

3 CHANNELS OF REAL TIME SCIENTIFIC

TR&NEMISSIOR TO THE MUFN / / /

• SIX A ALSO

• THIS 15 PROVIDED ONLY 014 THOSE FLIOIlTS

FOR WHICH SIMULTAIlEO_S PM AND FM S-BAND TRANSMIHGIOR

\

ALSO P_V_DS FOR TELEV_SICH AND TAPE

Ll_ TO THE MSFN. /

$ CHkNIELH OF RUL TIME SCIENTIFIC DATA

THAN!_HIS$1ON TO THE MSFW

• SEE "VOICE COMMUNICATIONS WITH MSFN"

RECORDED DATA - 3 CHANNEL_.

UP-DATA
(SEE NOTE4) FROM MSFN mTHAaOPOmED

TRACKING AID
TO MSFN m nummmo

l

h 'me meOi, mm Oln-Lu,otJ,IPtLtn SuAu.
tm POMm VeOq_TUOm "0
•_ eBy _ q_",..1P_o ANw.ANueED
BY _ MIM_lP-,iii qW..4SUI-4TIED OFEDATIMU

COFIITIIWIrt_,_k _ MmlIOM EYAMDAG_

FM_ _ If iTLL_IC _mO

IBYIA,LIIIIIA_'-f M'ITtl IMT _, INO

I, 11'11 IlI,II'TIY SUMYITI SUALL BE DIFJIMED

IllUll TO EYATIBIII_ OF _ MEFII AI I1_

Fll Iffle BICmED TO MEell G_dMeO.

_-OANO

S-BAND 5-BAND

S. THE PCNTEL_"TRY SUBSYSTEM SHALL HE

CAPAIfl.E OF TR&NSUInlNO THE _ liT STOFJE_

OE_OiOED FOR HEAL-TIME USE VIA COAxiAL

C_DLETO THE CHECKOUT FACILITY IN THE MI_

_104t TO LIFT-OFF &lid ViA AN NF LINK PRIOR

TO AND AFTEH LIFT-OFF.

THE UP-DATA $068YOTEM SHALL BE DESIEMED IN

COIIdUOCTICH WITH STATIORS OF rilE NOFN SUCH THAT

NO MUOE THAN ME CORRECT MESHANE SHALL BE

OEdECTED PRO I0_0 CONOEE_T MESHA_EH AND THAT

I10 MORE THAN CHE PER I0 _ INCORRECT MESOABES

SUALL I1[ ACCEPTED.

EM
AT OASEDANO

PSN/m/m
70 KC $UBCARRIER

EM RECEIVE-

PRN CODE AT BASEBAND

PM TRANSMiT-
PHil CODE AT BASEBAND

CSM PCM TELEHETRY AT

SEE "TELEMETRY TO IISEM"

RECOHOED SCIENTIFIC OATA - 3 CHANIlELH

RECORDED VOICE

NE_OIIOED CSM _ TE£EMETHY AT AOPAREMT

K I LMII TS/SECOND

OEOM_ED LOI /SECOND _ TELEMETRY AT

"VOICE MSFN"

• SEE "VOICE COMMORICATICHS illTH MSFN"

SUOCOOED E-BIT MURDS AT I000 BITS/SECOND

SEE "VOICE CO_WNICATIORS WITH MSFN"

COHERENT THRR-AROUNO CARHIER

COHERENT TURIT-ANOUHD RANGE CODE

LEGEND

E_U I PMEMT/FLINCT I ON

TH I $ LUN AH

FLIGHT MISSION

REQUIRED REQUIHEO

NOT

REQLI I RED REQUI RED

NOT

REQU I RED REdO I RED

NOT HOT

REdO I RED RE_UI RED

CODING

NNN
TABL£ 3. 5-2B

APOLLO-SATURN 202
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TABLE 3. 7-4

REQUIREDSATURN IB LAUNCHVEHICLE COVERAGE
APOLLO- SATURN 2 0 2

_HASE S-IB BURNI
SUBSYSTEM

VHF TELEMETRY

S-IB

S-IVB

IU

COMMAND DESTRUCT

S-IB
i

S-IVB

TRACKING

C-BAND

ODOP

AZUSA

S-IVB BURN
END OF

S-IVB BURN
+3 MINUTES

COAST

TELEVI SION

UHF

V//////
'///////,

11111117,
V/1/1/1,711111/

'//////Z

'///////A///////A///////;]
COVERAGE SHALL CONTINUE FOR AT LEAST ONE MINUTE AFTER

THE END OF BURN.

CONTINUOUS COVERAGEUNTIL THE PREDICTED IMPACT POINT
OF THE VEHICLE IS OUTSIDE AREAS SPECIFIED BY RANGE
SAFETY.

3/1/66

_'7"_ PARTI AL COVERAGE

_CONTINUOUS COVERAGE

NOT REQUIRED

3 TWO LAUNCH VEHICLE TRANSPONDERS SHALL BE TRACKED
CONTINUOUSLY TO SATISFY RANGE SAFETY REQUIREMENTS,

CONTINUOUS COVERAGE IS REQUIRED DURING DEPLOYMENT OF
THE ADAPTER PANELS, TABLE 3. 7-4

APOLLO - SATURN 20 2

L



203-1 March 1, 1966

Apollo Saturn Mission 203

1.0 Scope This appendix to the Apollo Program Specification identi-

fies the performance, design and test requirements which apply to

the Program elements to be utilized for Apollo Saturn Mission 203 (AS-

203). These requirements are presented in this appendix as deviations

to the requirements specified for equipment for the lunar landing mission

and the operational version of the Saturn IB launch vehicle and facilities.

Unless otherwise noted, the paragraphs in this appendix replace in their

entirety the identically numbered paragraphs in the body of the specifi-

cation.

i. 1 Applicability No change. (i)

1.2 Change Approval No change.

2.0 Applicable Documents No change.

3.0 Requirements

3.1 Performance

3.1.1 Characteristics

3.1.1.1 General Add: To the extent practicable, the hardware used

on AS-203 shall be of the same design as the operational

version except as specified otherwise herein.

(1) The phrase "no change" is used after a section heading throughout

this appendix to mean that the requirement in the body of the specifica-

tion applies to this mission without change.
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Apollo Saturn Mission 203

3.1.1.2 Mission Performance

3.1.1.2.1 Mission Mode A shroud shall be used to replace the Apollo

spacecraft which is not required for this mission. A Saturn

IB launch vehicle consisting of an S-IB first stage, S-IVB second stage

and Instrument Unit, shall be used and shall be launched from the Cape

Kennedy launch area (LC 37B). The S-IVB second stage shall be placed

into an Earth orbit where a liquid hydrogen (LH 2) experiment shall be

performed. No recovery of flight hardware is required.

3.1.1.2.2 Mission Command Command and decision making shall be

exercised by Earth-based personnel. The Manned Space

Flight Network (MSFN) shall be used for communication with, and for

tracking of, the launch vehicle.

3.1.1.2.3 Payload The payload for this mission shall include LH 2

remaining in the S-IVB stage after powered flight and will be

used in the performance of the hydrogen experiment. The primary objec-

tives of this mission shall include those identified in Apollo Flight Mis-

sion Assignments, M-D MA500-11.

3.1.1.2.4 Earth Launch Launch capability shall be provided to permit

an initial flight azimuth of 072 ° .

3.1.1.2.5 Earth Parking Orbit The capability shall be provided to

perform the mission using a near-circular Earth parking

orbit with a nominal altitude of 100 nm.

3.1.1.2.6 Injection Opportunities Not Applicable. (N/A). (2)

3.1.1.2.7 Lunar Landing Accuracy N/A.

(2) The phrase "not applicable" is used after a section heading

throughout this appendix to mean that the requirement in the body of the

specification does not apply to this mission.
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Apollo Saturn Mission 203

3.1.1.2.8

3.1.1.2.9

3.1.1.2.10

Lunar Exploration N/A.

Earth Landing N/A.

Recovery N/A.

3.1.2 Program Definition No change.

3.1.3

3.1.3.1

3.1.3.2

3.1.3.3

Operability

Logistics No change.

Safety No change.

Reliability The numerical reliability values for mission

success given in Table 3.1-2 shall be used where applicable

for engineering design and as a standard for evaluating test results.

The probability of mission success for the S-IB stage shall be at least

0.95.

On Table 3.1-2 change Note 1 to: The preflight phase begins

with the decision to start the countdown for launch and ends with launch,

Change Note 2 to: The flight phase begins with space vehicle liftoff

from the launch pad and terminates with conclusion of the LH 2 experJ C

ment.

3.2 Program Standards No change.

3.3 Saturn IB Launch Vehicle

3.3.1 General No change except that the S-IVB (Saturn IB version)

shall be modified where necessary to be similar to the S-IVB

Z09- 774 O - 66 - 10
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Apollo Saturn Mission 203

(Saturn V version} to accomplish the mission objectives of 3.1.1.2.3

(203), and the launch vehicle control weights shall be as specified for

AS-203 in Table 10.1-1, Appendix 10.1.

3.3.1.1 Payload The launch vehicle shall have the payload capa-

bility specified for AS-203 in Table 10.1-1, Appendix 10.1.

3.3.1.2 Standby Time No change.

3.3.1.3 Prelaunch Checkout No change.

3.3.1.4 In-Flight Performance Evaluation No change.

3.3.1.5 Erner_ency Detection Subsystem No change except that EDS in-

formation shall not be provided for display to the crew, and

the EDS shall be operated in an open-loop mode.

3.3.1.6 Instrumentation An instrumentation subsystem shall be pro-

vided in the launch vehicle to permit ground personnel to

evaluate launch vehicle performance. Special instrumentation, including

TV, required for the LH 2 experiment shall be provided.

3.3.1.7 Command Destruct No change.

3.3.1.8 Electrical Power No change.

3.3.2 Structure No change.

3.3.3 Propulsion No change except:

The H-1 engine thrust shall be 200,000 ±6,000 pounds.

The J-2 engine shall provide a nominal vacuum specific impulse

of 422 seconds and a minimum vacuum specific impulse of 418 seconds.

Launch Vehicle Guidance, Navigation and Control

General The launch vehicle guidance, navigation and control

system shall provide the guidance, navigation and control
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functions which are required for the space vehicle from liftoff through the

completion of S-IVB Earth orbit operations. The principal elements shall

be an inertial measurement unit (IMU), a digital computer and control

electronics. These elements shall be located in the IU.

3.3.4.1.1 No change.

3.3.4.1.2 N/A.

(a)

(b)

(c)

(d)

(e)

3.3.5.2

3.3.5.2.5

Saturn IB Launch Vehicle Communications and Tracking

General The Communication and Tracking System of the

Saturn IB launch vehicle shall have the following capabilities:

Telemetry transmis sion.

Tracking aid.

Up-data reception.

Command-destruct data reception.

Television transmi ssion.

Functional Capability Add the following paragraph.

Television The television subsystem in the IU (the camera

assembly is located in the S-IVB) shall be able to provide

television transmission to stations of the MSFN for at least 4.5 hours

after launch.

3.3.5.3 Coverage Capability The Saturn IB Communication and Track-

ing System shall be able to operate with the MSFN to achieve

the coverage specified in Table 3.7-4 (203) of this appendix.

3.3.5.4 Performance The Saturn IB Communication and Tracking

System shall meet the requirements specified in Table 3.3-1

(203) of this appendix.
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3.4 Saturn V Launch Vehicle N/A.

3.5 Spacecraft N/A Refer to 3.1.1.2.1 (203).

3.6 Launch Area

3,6.1

3.6.1.1

3.6.1.2

3,6.1.3

3.6.1.4

General

No change.

No change except thatrequirements for the Operations and

Checkout Building and associated facilities are not applicable.

No change.

No change.

3.6.2 Space Vehicle Checkout Systems LC 37B shall utilize launch

vehicle checkout equipment capable of effecting automated

checkout of a Saturn IB launch vehicle. As far as possible, the checkout

equipment for the Saturn IB space vehicle shall be identical to that to be

used for the Apollo Saturn V. In addition, the launch vehicle checkout

systems shall:

(a) through (g) - No change.

3.6.3 Launch Complex 37B LC 37B shall include three major items:

the launch pad and umbilical tower, the service structure and

the Launch Control Center.

LC 37B shall provide the capability for on-pad assembly, pre-

paration and launch of an unmanned LH 2 experiment on a Saturn IB launch

vehicle. The capability shall be provided to continue those services
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and operations necessary to support a launch hold of up to 12 hours occur-

ring after completion of propellant loading.

LC 37B shall be designed to permit the launching of an Apollo

Saturn IB during the 95 percentile peak surface wind conditions given in

2.3.2.3 of M-DE 8020. 008B.

3.6.3.1

(a)

(c)

3.6.3.2

3.6.3.3

(c)

(e)

Launch Pad and Umbilical Tower No changes except as

follow s:

Delete reference to the Operations and Checkout Building.

N/A

Service Structure No change.

Launch Control Center No change except as follows:

N/A.

N/A.

3.6.4 Launch Complex 39 N/A.

3.6.5

3.6.5.1

3.6.5.2

3.6.5.3

Direct Launch Support Facilities

Operations and Checkout Building N/A.

Central Instrumentation Facility No change except that refer-

ences to the Operations and Checkout Building are not applicable.

Central Telephone Office No change except that references to

the Operations and Checkout Building are not applicable.

3.7 Manned Space Flight Network

3.7.1 General No change.
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3.7.2 Functional Capability

3.7.2.1 Voice Communications The voice communications subsystem

shall enable duplex, 4-wire communications between MSFN

stations and MCC.

3.7.2.2 Telemetry The telemetry subsystem shall be able to receive:

(a) Operational telemetry from each stage of the launch vehicle and

the IU.

(b) Engineering data from the space vehicle.

3.7.2.3 Tracking No change except:

(a) N/A.

(e) N/A.

3.7.2.4 Digital Command Communications No change except that the

CSM references are not applicable.

3.7.2.5 Television The television subsystem shall be able to re-

ceive, record and display television transmission from the IU

locally at the Cape Kennedy, Bermuda, Garnarvon and Corpus Christi

Display and Control No change except that the LEM and

CSM references are not applicable.

Data Processing No change.

Timing No change.

3.7.3 Coverage Capability The MSFN station in the launch area shall

be able to support the prelaunch checkout of the space vehicle

on the launch pad.

The MSFN shall provide the coverage capabilities for the space

vehicle as specified in Table 3.7-4 (203) of this appendix.
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3.7.4 Performance No change except that the MSFN shall operate

with the space vehicle subsystems as specified in 3.3.5 of

this appendix.

3.8 Mission Control Center No change except delete 3.8.1 (d).

4.0 Quality Assurance No change.

O
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TABLE 3. 3 - 1

SATURN I B LAUNCH VEHICLE COMMUNICATION AND TRACKING REQU I REMENTS

APOLLO-SATURN 203

STAGE

SUBSYSTEM

EQU I PMENT

I MPLEMENTATION

NUMBER
OPERATING FREQUENCY

ANTENNA SUBSYSTEMOF UN ITS MODULATION CHARACTER I ST I CS REMARKS

TRANSMIT RECEIVE

S-IB mSEE NOTES I, 2 AND S

TELEMETRY PCNIFN TELEMETER ONE 225-260 14(: OMNI-DIRECTIDUAL PCM/FM I pCI4 BIT RATE SHALL BE 72 KILOBITSISECONO

D SEE NOTES I AND q
MULTIPLEXED WITH OUTPUT

iN/iN TELEMETER ONE OF S-IB PEM/IN TELEMETER iN/iN225-2CO Nc

/7////,
7;/,

//;/_////
7/

////////'C'XExCoC"C/TIT'

'/////,'""'"'_LTIPLEXED WITH OUTPUT

;72 7)?72"/

///// / / / / / / / {///IR/IN iN TELEMETER / s

///////
//////////

S-IVB

TELEMETRY

COMMAND DESTRUCT RECEIVER AND DECODER TWO NOUI-R50 Nc ONRI-DIRECTIONAL

TRACKING DoGe TRANSPONDER ONE UHF DUE FIXED DIRECTIONAL

225-260 Mc OMNI-DIRECTIONAL PCM/INPEMI FM TELEMETER

///_/I//////
iN/iN TELENETER Ii

IIIII//,

/SAMJ/JIN_EL/_E/T E(h

IIIIIIIII/
/11111//

SS/EM TELEMETER/" / /

///////

RECEIVER AND DECODER

ONE

. /'//</j

TWO

ONEPCM/FM TELEMETER

W////////I

EM/FN TELEMETER ONE

IIIIIII/11 '//o/I/
/ ,P_IINIEM TELEMETER/ /

////////// '/////
l/JAIls}IN/IT/Ill /II/// //

E?)TETI/ //ORS////

ONE

COMMAND DESTRUCT

I////j
III/
-260 Nc /

//1'/
IIII/,
/??/"V,

225-260 Mc

II///
2100',.2100 gc

//I///

225-.260 Nc

/g,/A4
IIiil

RECEIVER AND DECODER

Y////,
'////X

qOO-q$O Nc

IIIIIIIII
MULTIPLEXED WITH OUTPUT

OF S-IVO PCM/IN TELEMETER

////////

'////A/oL///
/////

/ ///
//AEE NOTE 5//Z

/11111111

ONNI-OIRECTIONAL

OMUI -D I RECTI ORAL

'///////A

'//SJ//X'//////,
//////I;S'//////I,

row/EM

MULTIPLEXED WITH OUTPUT

OF IU VHF POM/iN TELEMETER F_IiN

I///X'" '" '"MULTIPLEXED WITH OUTPUT

OF IU VHF PCM/iN TELEMET(R'

I#/////I

/////,,,,,,,,,.T,PLEXEDW,T."PUT.
_ VHF PEM/EM TELEMETERIIIIIII

I III/ / P,_liN/y/'/#,,y//////
I///I///iq////X

qoo-q50 Mc OMNI-DIRECTIONAL PSK/IN

PAN/iNI_ MODULATION UTILIZED DURING R i 0 FLIGHT
PROERM4

///////
;E;R_Efl ;N 7 _//////////_

Y//////////////l,
• THIS SYSTEM SHALL BE CONPITIBLE WITH IIAMGE SAFETY C_MAND

TRANSMITTERS INSTALLED AT STATIONS OF THE ETR.

• SEE NOTES I, 2 AND 3

• PCM BIT RATE SHALL BE 72 KILO$1TS/SECONO

.SEENOTES,ANDHIIIIII/�Jill/I
, / / / i i ----//_----, / /t ii i

ePkWiN/_ MODULATION UTILIZED DURINO R & D FLIGHT/ / /

'?R_R._ I III II II I II II II I ,

'./£/,/,,,,,,,,'////////////i,
;,(E/J./,,,,,
eTRII SYSTEM SHALL BE COIIPATIOLE WlTII RAMGE SAFETY C_IIAMO

TRANEMiiTERS INSTALLED AT STATIONS OF TUE E'TR.

• SEE NOTES I, 2 AND 3

epCM BIT RATE SHALL BE 72 KILOBITS/SECOND

• Bit STREAM SHALL CONTAIN ALL S-IVOIIU MISSION CONTROL elATAI

IIDEE ,_TES I#, 2*'Al_ $1"/_///////////l

lexrp.He_T_ mtm _.L J ,Z ,Zi_J

1,811 SIRE,AM JNA_L Ie IDENTIJ;/L II_H IU ,DHF pCM,/IN, TE}EMeETE,_

• SEE NOTES I AND

";E;DTS;I I"

;_t;l//////////////X

• SUBCOOEO G-BIT WORDS IT I0_ IllS/SECOND

• THE UP-DATA SUSSYSTEM SHALL BE DESIGNED IN COHJONC, IOH
WITH STATIONS OF THE MSFN SUCH THAT NO IRE THAN ONE

CORRECT MESSAGE SHALL BE REJECTED PER I_0 CORRECT

MESSAGES AND THAT NO MURE THAN ONE PER I0 _ INCORRECT
MESSAGES SHALL BE ACCEPTED.

INSTRUMENT UNIT

TELEMETRY

UP-DATA

• UTILIZES COOING DIFFERENT FROM C-BAND RADAR TRANSPONDERSTRACKING c-eaNo ONE C-BAND C-O_ND OMNI-GIRECTIONAL PULSE
RADAR TRANSPONDER ON SPACECRAFT

C-BAND C-BAND OMNI-DIRECTIONAL iN

///// /,, '//X'////////// ////s/////////// ,///////////////////
sl I/ee

UP TO q VHF STAGE TELEMETERS SHALL DE

MULTIPLEXED ON k COMMONANTENNA SUB-

SYSTEM. M#EN MORE THAN q VRF STAGE

TELEMETERS ANE CARRIED, A SECOND
ONNI-DIRECTIOEkL ANTENNA SUBSYSTEM

SHALL BE PROVIDED.

IIIII
//////TELEVIS, ON,
111111/11111

NOTES:

I THIS TELEMETRY SUBSYSTEM SHALL OE

COMPATIBLE WITH TNE INTER RANGE
INSTRUMENTATION GROUP STANOkRDS

(IRIO OOOOMENT NO. 106-60.

"TELEMETRY STANDARDS REVISED 1962")

AZUSA TRANSPONDER

/1111111/I
/TELEVISION TRANSMITTER/ ,

III///////

2. ALL PCM TELiNETRY SUBSYSTEMS SHALL

BE DESIGNED TO PROVIDE AN ERROR
RATE NOT EXCEEDING DUE BIT IN I0 _
BITS FOR TRANSMISSIONS TO TUE MSFN

AS MEASURED FROM LAUNCH VEHICLE
ERCOUER TO EARTH-BASEO OEOOUER.

NOT PRESENTLY SCHEDULED FOR OPERATIONAL

SATURN IB LAUNCH VEHICLES. HOWEVER,

PROVISIONS TO CARRY THIS TELEMETER SHALL

BE INCORPORATED ON ALL SATURH IB LAUNCH

VEHICLES THROUGH AS-Z_7.

3. THIS PCNTELEMETRY SUBSYSTEM SHALL
BE CAPABLE OF TRANSI41TTING THE PCM

OIT STREIg4 REQUIRED FOR REAL-TIME USE
VIA COAXIAL CABLE TO THE CHECKOUT

FACILITY IN THE MILA PRIOR TO LIFT-OFF
_WD VIA AN RF LINK PRIOR TO AND AFTER
LIFT-OFF.

q. THIS TELEMETRY SUBSYSTEM SHALL

TRANSMIT DATA REQUIRED ONLY FOR
POST-MISSIDU ANALYSIS VIA AN RF
LINK.

EqUIPHENT/FUNOTIDU

THIS OPERATIONAL

FLIGHT I VEHICLE

REQUIRED REQUIRED

NOT
REQUIRED REQUIRED

NOT
REQUIRED REUUIRED

HOT NOT

REQUIRED REQUIRED

COOHIO

TABLE 3.3-1
APOLLO SATURW _03
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TABLE15-211

CSMUNIFIED S-BAND COMMUNICATIONS AND TRACKING REQUII_TS

AFIX,LO.-SATURN204t2_

SUBSYSITM

VOICE COMMUNICATIONS
(SEE NGIE ))

OPERATING FREQUENCY
EQUIPMENT NUMBER MODULATION

OF ANTENNA SUBSYSTEM CHARACTERISTICS
IMPLEMENTATION UNITS TRANSMIT RECEIVE

Wl]_l MSFN m .using _ s-_mo S-eADO

FMIm THAMmIT -

I,Z$ k $OICAnlEI

FM/M4 RECEIVE

SO KC WlCADIIIEN

REMARKS

KEYING COMMUNICATIONS

TO MSFN eM TRANSPONDER S-lAND SI2 Kc SUNCAROIER

+_Olflf Iqll 1[ I[CEIPT !t01 A

• "rHis_,_aLl_ is em'le[o enLV_ 'mECA_'_lkl_

, /_,,,i / / i / iv/ / / / /,,,),,,) / _ / / 7 //
JTHIS TRANIIITTER OP'EOBTES ON TNE SMIE FREQUENCY AS i"llE 1,

F TRAOSFOMDER, THEREFORE IT IS PROVIDED ONLY OR THOSE FLIUUT:

FOR k_lCN BINULTHIEOUS F14 AID F_ S-RABID TRAN_41SSION IS

LROT RE(_UI lEO, /

t l OI_S:_T;eON IS ACHIEVED VIE PM RECEPTIO0 OF . K6//

#TRANSMITTER ALSO POOVIDES FOR TELEMETRY, SCIEITIEIC /// /

/ DATA,TELEV,S,ONANDTAPE'_ATSACBTHAN_'SS'ONTOZ,
1W/lllllll/-/lllll/L

• SEE "VOICE COM4UOICATIONS WITH MSFR"

• TRAN_41TTEO ALONE - OACKUP FOR VOICE TRANSMISSION

111E/v't"TRY • SEE "VOICE COI44UMICATIONS WITH MEFN"

P_/PM/PM • SELECTANLE SIT RATES OF SI.2 KILOOITS/SECOMD ANU

1.02q MC SUBCAERIER I.S KILOOIT$/$ECONO

ROZ-C SERIAL SIT STORM4 •SEE ROTES 2 MID $

TO MSFN _ TRMISPONOER S-SAND

• SEE "VOICE COIADY_ICATtoNS MITH MSFO"

FMIFM/FM • RELAY OF COI_OSITE EVA VOICE MIO 7 CHANNELS OF EVB
7 SUSCARRIERSON I.ES Mc

VOICE SUDCARRIER TELE)IETRY ON VOICE SUROARAIEB lINEN SIMULTMIEO_/S NM
*MID FN S-BMID TRMIONISSION CAPAIILITY IS PROVIDED.

'/_L/LLL_ '////'fi//'////'//////////f////////Y//////////_' _•'E E# "_l C_ C_BI _'CAT_,ON_ _ TH_ M_N_// //_//

/ I//7;'//////////i I///////////,/////i//ll/; <''<""/!////X
• • • " / / / / / FN/FN / ' / _ .PROVIDES 3 CNMINELS OF REAL fINE SCIENTIFIC OATA

////' ////' ///// ////' ///// / //15' Ec '2G Kc "S ,c _l TRAN.ISSION TO TffE I_FN

////_///A Y///A Y///A _'_ / • S JX ADDITIONAL .OCMIRIERS MIE ALSD A L L

y//////// _//_, _////////_ _///////_ _///////////// /,/// ,UOCARRIERS_/?;// ,;//i,_:i/_l_/ VAI AlE /

x /\ ' / \ / _ "/-- .... \ /

TAPE PLAYBACK _ _////////// _ _E ;V_C?7;C;7>W_H ;F;///////

__o_s_/ v////,.;F." ' / //, .',,c'oRo.;C,iN,:F,iD'T:-;c'AN_EL_i//////
S Kc, 125 Kc, 165 Kc • SiX ADDITIONAL CNkMNELS ARE ALSO AVAILABLE

.,,_,,, ////u,.<.,.,,,. //, /, ,,, ,i, / / / //,,//////
'k;;2 .,,,,,,,,,,,,,,F,.,....,,,,.__.,,,,,,vo'////////////1

//'/ / ,_CI4/_MI_M" / / / / g RECO_DE_ C_$11_14 #' TEIEI_TN; A/ APPAR #ENd" / / / i / /

// 1.02' MC SUOCARRIER//, /El.2 KILOBIT$/SECONO RATE ////IT///////

//I/I/11/11////////// ///////////

ELL-VISION

I
Y

I TO_SFN .I

I
I

r,}/_O&_Ff/' II dT/AN/.,&/,/I

/a
FROM MSFfl PMTRARSPOilDER

i

UP-DATA
(SEE NOE 4)

TRACKING AID
TO MSEN _ TRANSPONDER S-SAND

NOTES:

I. TtlE MINIMUM WORD INTELLIfilRILITY SHALL BE
90_ FOR NORMAL VOICE COMMUNICATIONS AND

70_ FOR BACR-UP COII4UNtCATiONS AS MEBSUREO

RY USER PERSONNEL UNDER SIMULATEO OPERATING

CONDITIONS UTILIZING THE ANERICMI STANDARD

METHOD FOR MEASUPFI4ENT OF MONOSYLLABICWORO

INTELLIGIBILITY DATED MAY 25, I_

THE TELEMETRY SUBSYSTEM SHALL RE DESIGNED

TO PROVIDE AH ERROR RATE ROT EXCEE_IHG ONE

NIT IH LoC BITS FOR PCM TELEMETRY TRANS-

MISSIONS TO STATIONS OF THE 14_FN AS MEASURED

FNON CSM EIICONER TO M_FN OECOOER.

_\ .,. / \

.---/. -- \., , __

K._ .--. ,=;.-. 2,.
Ill i/I/I' III I IIII I II y/ /AAT<A_B///// / 4E( iS/IS(C/llU//'/ATI/ON$/Iq/dM_/N// t t J/_-_/
I//////1 I//////////i il'//; / / /////;i 7/ / / / / / / / / /////////

S-SARO pSK/F14/PM • SEE "VOICE COMMANIICATIONS WITH MEFR"

70 lc SUOCANRIER • SUBCOOED _SIT MOLDS AT I000 NITS#SECOND

PM RECEIVE- • SEE "VOICE COIOEUNICATIONS WITH MSFN"

S-lAND PRO CODE AT BASEBAND
PM TRMI_IIT- • CONERENT _NN-AROOND CARRIER

PR_t CODE AT NASESMID • CONEREBT THAN-ANOUND RBNGE CODE

lee

3. THE PCM TELEqETNY SUHSYSTEN SHALL N(

CAPABLE OF TRMISMITTIRO THE PON BIT STREAM

REQUIRED FOg REAL-TIME USE VIA COAXIAL

CAELE TO THE CMECBOUT FACILITY IN THE NILA

PRIDE TO LIFT-OFF MID rIB AN RF LINE PRIOR

TO AND AFTER LIFT-OFF.

q THE US-DATA SUBSYSTEM SHALL SE DESIGNED IN

COMJUNCTION KITH STATIONS OF rile MEFN SUCH THAT

NO MORE THAN ONE COANECT MESSAGE SHALL SE

REJECTED PEN I00_ CORREE_T MESSAGES MID THAT

NO NONE THMI ONE PER I01 INCOROECT MESSAGES

_ALL BE ACCEPTED.

LEGEND

E_II l mEMT/FUNCTI ON

THIS I LUNAR
FLIONT MISSION

REQUIRED REQUIREO

OOT

REQUIRED REQUIRED

NOT

REQUIRED REQUIRED

NOT ROT

REQUIRED REQUI RED

COOING

TABLE 3. 5"2B

APOLLO-SATURN 204/205
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REQUIRED SATURN IB LAUNCH VEHICLE COVERAGE
APOLLO- SATURNk203

l"_ PHASE

I SUBSYSTEM _

VHF TELEMETR_'

S-IB BURN S-IVB BURN

S-IB

S-iVB

ii_iiiiiiiiiiiiiiiiiiiiii_iiii_i_i_iiii_i!i!iiiiiiiiiiiiiiiiiiiiiiiiiiiiii_i_i_i_iiii_!i_iiiii_

IU

TELEMETRY6

IU

TELEViSiON

IU

COMMAND DESTRUCT

END OFS-IVB
BURN

+3 MINUTES

COAST

EARTH ORBIT

4
S-IV B/IU CHECKOUT

IN EARTH ORBIT

S-IB

S-IVB

UHF UP-DATA

IU

TRACKING

C-BAND

ODOP

AZUSA

3

I, COVERAGE SHALL CONTINUE FOR AT LEAST ONE MINUTE AFTER

THE END OF BURN.

2. CONTINUOUS COVERAGE UNTIL THE PREDICTED IMPACT POINT

OF THE VEHICLE IS OUTSIDE AREAS SPECIFIED BY RANGE
SAFETY,

D. TWO LAUNCH VEHtCLE TRANSPONDERS SHALL BE TRACKED

CONTINUOUSLY TO SATISFY RANQE SAFETY REgUIREMENTS,

H. THE GAP BETWEEN CONTACTS SHALL BE NO GREATER THAN

I/2 ORBIT. CONTACTS SHALL BE AT LEAST 3 MINUTES LONG.

5. THIS REQUIREMENT MAY BE SATISFIED DURING AN ORBITAL

CONTACT.

G. EXPERIMENTAL SYSTEM,

_7777"7_ PARTIAL COVERAGE

CONTINUOUS COVERAGE

NOT REQUIRED

3/1/66

TABLE 3.7-4

APOLLO-SATURN 203
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REQUIREDSATURNIB LAUNCHVEHICLECOVERAGE
APOLLO-SATURN204/205

_ PHASE

SUBSYSTEM

VHFTELEMETRY

S-IB

S-IVB

IU

TELEMETRY6

IU

COMMANDDESTRUCT

S-IB

S-IVB

UHFUP-DATA

IU

TRACKING

C- BAND

ODOP

AZUSA

COVERAOE SHALL CONTINUE FOR AT LEAST ONE MINUTE AFTER

THE END OF BURN.

CONTINUOU8 COVERAGE UNTIL THE PREDICTED IMPACT

POINT OF THE VEHICLE 18 OUTSIDE AREAS SPECIFIED

BY RANGE SAFETY.

TWO LAUNCH VEHICLE TRANSPONDER S SHALL BE

TRACKED CONTINUOUSLY TO SATISFY RANOE SAFETY

REQU I REMENT 5.

S-IU BURN S-IVB BURN

S

END OF B-IV| COAST IN S-IVB/IU

BURN CHECKOUT IN
EARTH ORBIT

+8 MINUTES EARTH ORBIT

S

SPACECRAFT

SEPARATION

'/////).

sl I/Be

TEE GAP BETWEEN CONTACTS SHALL BE HO |ff/_ PARTIAL COVERAGE

BREATER THAN I/2 ORBIT. CONTACTS SHALL
V.-L-g--g--4

BE AT LEAST B MINUTES LONG. _ CONTINUOUS COVERAGE

5 THIS REQUIREMENT MAY BE SATISFIED DURING I'----'----I

AN ORBITAL CONTACT. _ NOT REQUIRED

O EXPERIMENTAL SYSTEM -

NOT REQUIRED ON k8-20§.

TABLE3.7-4
APOLLO-SATURN204/205
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1.0 Scope This appendix to the Apollo Program Specification identi-

fies the performance, design and test requirements which apply to

the Program elements to be utilized for Apollo Saturn Missions 204 and

205 (AS-204 and AS-205). These requirements are presented in this

appendix as deviations to the requirements specified for equipment for

the lunar landing mission and the operational version of the Saturn IB

launch vehicle and facilities. Unless otherwise noted, the paragraphs

in this appendix replace in their entirety the identically numbered para-

. +_graphs In _**e body of the specification.

(i)
i. 1 Applicability No change.

i. 2 Change Approval No change.

2.0 Applicable Documents No change.

3.0 Requirements

3.1 Performance

3.1.1 Characteristics

3.1.1.1 General Add: To the extent practicable, the hardware used

on AS-204 and AS-205 shall be of the same design as the

operational version.

(1) The phrase "no change" is used after a section heading throughout

this appendix to mean that the requirement in the body of the specifica-

tion applies to this mission without change.
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3.1.1.2 Mission Performance

3.1.1.2.1 Mission Mode This Apollo test mission shall be an Earth

orbital mission. The spacecraft, which includes a manned

CM and an SM, shall be launched from the Cape Kennedy launch area

(LC 34) into the desired trajectory by a Saturn IB launch vehicle con-

sisting of an S-IB first stage, an S-IVB (Saturn IB version) second stage

and an IU. After CSM separation from the launch vehicle and Space-

craft Adapter, the spacecraft propulsion system shall be used to maneu-

ver in Earth orbit, including CSM maneuvers with the rest of the space

vehicle as a target. After Earth parking orbit operations, the spacecraft

propulsion system is to be used to reduce the spacecraft velocity suf-

ficiently for entry. The CM shall be slowed to a safe landing by aero-

dynamic brakingafter sep_ationfrom the SM,

phases ofthe landing sequence byparachute:

3.1.1.2.2

3.1.1.2.3

and during the final

Mission Command No change.

Payload The payload for this mission shall include an SM

and a manned CM. The primary objectives of this mission

shall include those identified in Apollo Flight Mission Assignments,

M-D MA 500-11.

3.1.1.2.4 Earth Launch Launch capability shall be provided to permit

an initial flight azimuth of 072 °.

3.1.1.2.5 Earth Parking Orbit The capability shall be provided to per-

form the mission using an elliptical Earth parking orbit with

a nominal apogee of 130 nm and a nominal perigee of 85 nm.

3.1.1.2.6 Injection Opportunities Not applicable. (N/A).
(2)

(2) The phrase "not applicable"is used after a section heading

throughout this appendix to mean that the requirement in the body of the

specification does not apply to this mission.
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3. i. I. 2.7 Lunar Landing Accuracy N/A.

3. i. i. 2.8 Lunar Exploration N/A.

3.1.1.2.9 Earth Landing The normal Earth landing mode shall be

on water. The capability for water and land landing shall

be as specified in 3.5. i.24.

3.1.1.2. i0 Recovery No change

3.1.2 Program Definition No change.

3.1.3

3.1.3.1

3.1.3.2

3.1.3.3

3.1.3.3.1

Operability

Logistics No change.

Safety No change.

Reliability

Equipment Reliability No change except: In Table 3.1-2

add "the success probability for the S-IB stage shall be at

least 0.95." Change Note 1 to "the preflight phase begins with the

decision to start countdown for launch and ends with launch".

3.1.3.3.2 Environmental Hazards Change "the lunar landing mission"

to "this mission" and delete reference to the lunar surface.

3.1.3.3.3 Crew Safety No change.

3.1.3.3.4 System Design Policy No change.

3.1.3.3.5 Reliability As surance No change.

3.2 Program Standards No change.

3.3 Saturn IB Launch Vehicle
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3.3.1 General No change except that the launch vehicle control

weights shall be as specified for AS-204 and for AS-205 in

Table 10.1-1, Appendix 10.1.

3.3.1.1 Payload The launch vehicle shall provide the payload capa-

bility specified for AS-204 and for AS-205 in Table 10.1-1,

Appendix 10.1.

3.3.1.2

3.3.1.3

3.3.1.4

3.3.1.5

3.3.1.6

3.3.1.7

3.3.1.8

Standby Time No change.

Prelaunch Checkout No change.

In-Flight Performance Evaluation

Emergency Detection Subsystem

Instrumentation No change.

Command Destruct No change.

Electrical Power No change.

No change.

No change.

3.3.2

3.3.2.1

3.3.2.2

Structure No change.

Prelaunch Environment No change.

Launch and Flight Environment The launch vehicle shall be capa-

ble of being launched in the 90 percentile peak surface wind condi-

tions given in 2.3.2.3 of M -DE 8020. 008B and associated wind shears given

in 2.3.2.4 of M-DE 8020.008B. The launch vehicle shall be capable of

flight in the 95 percentile quasi-steady state in-flight winds given in

2.3.2.5 of M-DE 8020. 008B. In addition, the vehicle shall be capable

of flight with 85 percent of the 99 percentile wind shears given in

2.3.2.6 of M-DE 8020.008B, and with 85 percent of the quasi-square

wave gust given in 2.3.2.8 of M-DE 8020.008B, both superimposed on

the 95 percentile quasi-steady state in-flight winds given in 2.3.2.5 of

M-DE 8020.008B.
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3.3.3 Propulsion No change except that H-1 engine thrust shall be

200,000 ± 6,000 pounds.

3.3.4 Launch Vehicle Guidance, Navigation and Control

3.3.4.1 General The launch vehicle guidance, navigation and control

system shall provide the guidance, navigation and control

functions which are required for the space vehicle from liftoff through the

completion of CSM maneuvers with the rest of the space vehicle. This

includes a simulated docking on AS-205. The principal elements shall

be an inertial measurement unit (IMU), a digital computer and control

electronics. These elements shall be located in the IU.

3.3.4.1.1 No change.

3.3.4.1.2 N/A.

3.3.5 Saturn IB Launch Vehicle Communications and Tracking

3.3.5.1

3.3.5.2

3.3.5.3

General No change.

Functional Capability No change.

Coverage Capability The Saturn IB Communication and Track-

ing Systems for Apollo flight missions 204 and 205 shall be

able to operate with the MSFN to achieve the coverage specified in

Table 3.7-4 (204/205) of this appendix.

3.3.5.4 Performance The Saturn IB Communication and Tracking

Systems for Apollo flight mission 204 shall meet the require-

ments specified in Table 3.3-1 (204) of this appendix. The Saturn IB

Communication and Tracking System for Apollo flight mission 205 shall

meet the requirements specified in Table 3.3-1 located in the body of

this specification.
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3.4 Saturn V Launch Vehicle N/A.

3.5 Spacecraft

3.5.1 General No change except:

The spacecraft shall be designed to be mated to a Saturn IB

launch vehicle.

Spacecraft control weights shall be as specified for AS-204 and

AS-205 in Table 10.1-3, Appendix 10.1.

Delete references to the LEM and the AV budget.

3.5.1.1 Prelaunch Environment No change.

3.5. l. 2 Prelaunch Checkout No change.

3.5.1.3 In-Flight Performance Evaluation No change.

3.5.1.4 Standby Time The spacecraft shall have the capability to

stand by in a loaded condition, after launch vehicle propellant

loading, for lO hours and still perform the mission.

3.5.1.5 Launch and Flight Environment The spacecraft shall be capable

of being launched in the 90 percentile peak surface wind conditions

given in 2,3.2.3 of M-DE 8020.008B and associated wind shears given

in 2.3.2.4 of M-DE 8020.008B. The spacecraft shall be capable of

flight in the 95 percentile quasi-steady state in-flight winds given in

2.3.2.5 of M-DE 8020. 008B. In addition, the spacecraft shall be

capable of flight with 85 percent of the 99 percentile wind shears given

in 2.3.2.6 of M-DE 8020.008B, and with 85 percent of the quasi-square

wave gust given in 2.3.2.8 of M-DE 8020.008B, both superimposed on

the 95 percentile quasi-steady state in-flight winds given in 2.3.2.5

of M-DE 8020.008B.
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3.5.1.6

3.5.1.7

3.5.1.8

target.

Earth Orbit Environment No change.

Translunar Environment N/A.

Transposition After separation the CSM shall be capable of

performing maneuvers with the rest of the space vehicle as a

The spacecraft shall be capable of avoiding impact with the rest

of the space vehicle during subsequent flight maneuvers.

3.5.1.9 One-Man Operation The spacecraft shall be designed so

that a single crew member can perform all functions required

to accomplish a safe return ,u _arLn from any point in the mission.

3.5.1.10

3.5.1.11

3.5.1.12

3.5.1.13

3.5.1.14

3.5.1.15

3.5.1.16

3.5.1.17

3.5.1.18

3.5.1.19

3.5.1.20

3.5.1.21

3.5.1.22

C SM/LEM Abort

Separation Time

Descent Abort

N/A.

N/A.

N/A.

Translational Range N/A.

Lunar Environment N/A.

Lunar Landing N/A.

Lunar Operations N/A.

Scientific Equipment Support See 3.5.7 (AS-204/205).

Sterilization No change.

Launch Platform N/A.

Ascent Stage Operations N/A.

Rendezvous and Dock N/A.

Entry The CM shall be capable of controlled flight through

the Earth's atmosphere (as given in 2.5 of M-DE 8020. 008B)

to a preselected water landing area. This shall be possible without ex-

ceeding a 10g deceleration for an Earth orbital entry. The design limit

entry load for all CM systems shall be a 20g deceleration,

Z09- 774 O - 66 - II
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3.5.1.23

3.5.1.24

3.5.1.25

3.5.1.26

Aerodynamic Characteristics

Landing No change.

Postlanding No change.

Recovery No change.

No change.

3.5.2

3.5.2.1

3.5.2.1.1

3.5.2.1.2

3.5.2.1.3

3.5.2.1.4

3.5.2.1.5

3.5.2.1.6

3.5.2.2

3.5.2.2.1

Command and Service Modules

Structure

Cabin Space No change.

Windows No change.

Ingress and Egress No change except delete (a) and (b).

Docking N/A.

Thermal Requirements No change.

Extravehicular Mobility Unit (EMU) Storage No change.

CSM Propulsion

General Thrust, specific impulse, minimum impulse and

propellants for CSM propulsion subsystems shall be as

specified in Table 3.5-1 except that SPS thrust shall be 21,500 ± 215

pounds, SPS nominal vacuum specific impulse shall be 311.2 seconds

and SPS minimum vacuum specific impulse shall be 307.6 seconds.

The service life of propulsion subsystems after pre-mission testing shall

allow the engines to be fired for sufficient time to deplete propellants

available when all propellant tanks are loaded to the maximum capacity.

3.5.2.2.2 Command Module Reaction Control Subsystem No change

except delete provisions for dumping unburned propellant.

3.5.2.2.3 Service Module Reaction Control Subsystem No change

except delete reference to LEM.

3.5.2.2.4 Service Module Propulsion Subsystem No change except

delete reference to LEM.

CONFIDENTIAL
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3.5.2.3 CSM Communications and Tracking

3.5.2.3.1 General No change.

3.5.2.3.2 Functional Capability No change except: The LEM and EVA

references are not applicable. In 3.5.2.3.2.2 add: (g)

Transmit the data required for postflight analysis.

3.5.2.3.3 Coverage Capability

3.5.2.3.3.1 CSM-MSFN The CSM Communication and Tracking Sys-

terns for Apollo flight missions 204 and 205 shall be able

to operate with the MSFN to achieve the coverage specified in Table

3.7-1 (204/205) of this appendix.

3.5.2.3.3.2 CSM-LEM

3.5.2.3.3.3 CSM-EVA

3.5.2.3.4 Performance

N/A.

N/A.

The CSM Communication and Tracking Systems

for Apollo flight missions 204 and 205 shall meet the require-

ments specified in Tables 3.5-2A (204/205) and 3.5-2B (204/205) of this

appendix.

3.5.2.4

3.5.2.4.1

3.5.2.4.2

3.5.2.4.3

3.5.2.4.4

3.5.2.4.5

3.5.2.4.6

3.5.2.5

3.5.2.5.1

3.5.2.5.1.1

3.5.2.5.1.2

3.5.2.5.1.3

Electrical Power Subsystem

General No change except delete reference to LEM.

Nominal Capacity No change.

Sizing No change.

Water and Oxygen Supply No change.

Pyrotechnic Firing Circuits No change.

Ground Support No change.

Integrated Navigation, Guidance and Control System

General No change except delete reference to Table 3.5-3.

No change.

No change.

N/A.
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3.5.2.5.

3.5.2.5.

(a)

(b)

(c)

(d)

(e)

(f)

3.5.2,5.

1.4 No change.

1.5 The PNGCS shall:

No change.

No change.

No change.

N/A.

Change "S-IG" to "S-IB" and delete "S-If. "

No change.

2 Accuracy The navigation, guidance and control system shall

be capable of guiding the CM during entry to the selected

point of parachute deployment within a 10 nm CEP.

3.5.2.6 Display and Control Subsystem No change except delete

3.5.2.6.6.

3.5.2.7 Environmental Control Subsystem No change.

3.5.2.8 Crew Equipment No change.

3.5.3 Lunar Excursion Module N/A.

3.5.4 Launch Escape System No change.

3.5.5 Adapter

3.5.5.1 General The Adapter shall structurally and functionally adapt

the spacecraft to the launch vehicle. A structural stiffener

shall be used in place of the LEM.

3.5.5.2 Access The Adapter shall be designed to provide access to

its interior during the prelaunch phase.
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3.5.5.3 Deployment The Adapter shall be designed to permit normal

CSM/Adapter separation and shall not interfere with launch

vehicle or spacecraft communications.

3.5.6 Extravehicular Mobility Unit

3.5.6.1 General Spacesuits of anthropomorphous design shall be

provided for the crew. These spacesuits shall provide, in

conjunction with the ECS specified in 3.5.2.7, environmental protection,

life support, communications, -vl _ -"_'"u_l_'......Ly _ - _ _-_1-_..QI_/ I11VJ, JJ.J.J.[._ •

3.5.6.2 Extravehicular N/A.

3.5.6.3 Intravehicular No change.

3.5.7 Scientific Payload The spacecraft shall be capable of support-

ing the in-flight experiments identified in Apollo Flight Mission

Assignments, M-D MA 500-11.

3.5.8 Flight Crew Training Equipment No change.

3.6 Launch Area The requirements of this section, which are identi-

fied with LC 34 and the Direct Launch Support Facilities, are

applicable without change. All other requirements of this section are

not applicable.

3.7 Manned Space Flight Network

3.7.1 General No change.
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3.7.2 Functional Capability No change except the LEM and EVA

references are not applicable. Add to 3.7.2.3: (g) Track in

angle and range the CSM radar transponders during flight.

3.7.3 Coverage Capability The MSFN station in the launch area shall

be able to support the prelaunch checkout of the space vehicle

on the launch pad.

The MSFN shall, in Apollo flight missions 204 and 205, provide

the coverage capabilities for the:

(a) CSM as specified in Table 3.7-1 (204/205) of this appendix.

(b) Saturn IB launch vehicle as specified in Table 3.7-4 (204/205)

of this appendix.

3.7.4 Performance No change except the MSFN shall operate with

the space vehicle subsystems as specified in 3.3,5 and

3.5.2.3 of this appendix,

3.8 Mission Control Center No change,

4.0 Quality Assurance No change.
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TABLE 3. 3 - 1

SATURN IB LAUNCH VEHICLECOMMUNICATION AND TRACKING REQUIREMENTS

APOLLO-SATURN204

STAGE

SUBSYSTEM

EQUI PMENT
IMPLEMENTATION

NUMBER
OFUNITS

OPERATINGFREQUENCY
ANTENNASUBSYSTEM MODULATIONCHARACTERISTICS REMARKS

S-I B I SEE NOTES I, 2 AND G

TELEMETRY PCM/FM TELEMETER ONE OMNI-DIRECTIONAL PCM/FM
• PCM HIT RATE SHALL BE 72 MILOBITS/SECOND

MULTIPLEXED WITH OUTPUT

FM/FN TELEMETER ONE OF G-IB PCN/FM TELEMETER FM/_

77;77//
///, JJJJ/J

'/////,"" " " "cMULTIPLEXED WITH OUTPUT;

OF S-IB PCAI/FM TELEMETER,

/////////

////_ ;V-;;M;MJE?;E;IM/UL(PL/EX[/DW/_JT/OU/Tp6/ _///_/t"/M_//////

COMMAND DESTRUCT RECEIVER AND DECODER T_,K) OMNI-DIRECTIONAL

TRACKING ODOR TRANSPONDER ORE FIXED DIRECTIONAL

S-IVB

TELEMETRY PCMIFM TELEMETEH PCNI FM

COMMAND DESTRUCT

I//I//I///
//i FMIFM TELEMETER6 / //////////,

/II///,

///izlll//
SS/FN TELEMETER / /

//////////

RECEIVER AHD DECODER

PCM/FM TELEMETER

ONE

, /

/ /7/0</
TWO

ORE

i///f//////,'

FN/FM TELEMETER ONE

_ p_M t/FM _ E/LEME/TE_/' '//0_ //

i',,'/ i i i TI, Ili l ll
J/S/E / I I///

_;E_/EM_/TE_I///_"/_////

RECEIVER AND DECODER

INSTRUMENTUNIT

TELEMETRY

UP-DATA

TRACKING

ONE

_NI-DIRECTIONAL

/////////
MULTIPLEXED WITH OUTPUT

OF S-IVB PCM/FM TELEMETER

////////

'/ 161Ll//
/////

X / / ////
//i

ONNI-DIRECTIONAL

DUNI-D I RECTI OffAL

//////

TRANSMIT RECEIVE

22B-260 Nc

225-260 Nc

/ ///

]///I

qDu-g50 Mc

UHF UHF

225-260 Mc

/////
 ;77X'/////I

I////,

/2C.(/,/,,,,,/////X
ROO-RSO Mc

225-260 Mc

I/I//,
2100-2300 Mc

//////

225-260 Nc

////,
225-260 Ncl

/////

qOO-qSO Mc

C-BABD C-BAND

G-BARD C-BAND

PCWIFN

, i '/,/'////////,,'//////X;,',///////,
MULTIPLEXED WITH OUTPUT

OF IU VNF PCM/FM TELEMETEf FM/FM

ROTES:

I THIS TELEMETRY GUBSYSTEN SHALL BE

CONPATIBLE WITH THE INTER RANGE
INSTRUMENTATION GROUP STANDARDS

(IRIG DOCUMENT NO, 106-60,
"TELEMETRY STANDARDS REVISED 1962")

,/////,,,,,,,,,MULTIPLEXED WITH OUTPUT

OF IU VHF PCN/FM TELEMETER

I//11/I/

/////,,,,,,,,,MULTIPLEXED WITH OUTPUT /

_ VHEIIIIIIIPCM/FMTELEMETER

ALL PCM TELEMETRY SUBSYSTEMS SHALL
BE DESIGNED TO PROVIDE AN ERROR

RATE NOT EXCEEDING ONE BIT IN 106
BITS FOR TRANSMISSIONS TO THE MSFN

AS MEASURED FROM LAUNCH VEHICLE
E_CODER TO EARTH-BASED DECODER.

'/////X,,,',//////×
'/////×>//////j

OMNI-OIRECTIONAL PSK/EM

I SEE ;JOTES I AND t,_

I* PM4JENJFN NOOULATION UTILIZED DURING R & U FLIGHT
PROGRAM

'I/II//
7E;N_Ej' ;' 7 _//////////_

//// i

• THIS SYSTEM SHALL BE COMPATIBLE WITH RANGE SAFETY COHMANO
TRANSMITTERS INSTALLED AT STATIONS OF THE ETR.

• SEE NOTES I. 2 AND 3

I PCH BIT RATE SHALL BE 72 KILOMITS/SECOND

...... ,/////////////,• SEE ROTES t AND q
sill�/

IIpAM/FM/FM MOOULATION UTILIZED DURING R & D FLIGHT/ / /

',PRDUR,=I/i I II II I II I I II/
'//I////
• SEE NOTES , AND q _////////////_

'///////////////////
'.LIII,,,,
• THIS SYSTEM SHALL BE COffPATIBLE WITH RANGE SAFETY COI_4AND

TRANEMITTERS INSTALLED AT STATIOHS OF THE ETR.

• SEE NOTES I, 2 AND 3

i pCM BIT RATE SHALL BE 72 KILONITG/SECO_O

I BIT STREAM _ItALL CONTAIN ALL $.1¥|11p MIS$10_ ¢OHTHOL _ATA

• SEENOTES,. 2AND3l/1/111111111
• EXPERIMENTAL SYSTEM "1 /Ill/ i Ii/ /Ii I ill

plCM BIT RiTE SHALL BE 72 KiLOqlTS/SECONOI / / / / I

•,RI_ SIRRAH _HA_L _E IDENTICAL WI3H IU VHF PCNIFMTE_EMETER'

I•GEE MOTES I AND

'"'"Y///////////X• SEE NOTES I AND

'///11

', ///////////////•SEE/T/,/

II/I
• SUBCODEDS-NIT WORDS AT IODU BITS/SECOND

• THE UP-DATA SUBSYSTEM SHALL BE DESiGNEO IN CONJUNCTION
WITH STATIONS OF THE NSFN SUCH THAT NO MORE THAN ONE

CORRECT MESSAGE SHALL BE REJECTED PER I000 CORRECT
MESSAGES AND THAT NO MORETHAN ONE PER I0 _ INCORRECT
NEGSAGES SHALL BE ACCEPTED.

C-BAND • UTILIZES CODING DIFFERENT FROM C-BAND RADAR TRANSPONDERS
ONE OMNI-DIRECTIOHAL PULSE

RADAR TRARSPOROER OU SPACECRAFT

OMNI-DIRECTIONAL FM

UP TO _ VHF STAGE TELEMETERS SHALL BE

MULTIPLEXED OR k COMMONANTENNA SUB-

SYSTEM. WHEN MORE THAN q VHF STAGE

TELEMETERS ARE CARRIED, k SECOND

OMNI-DIRECTIONAL ANTENNA SUBSYSTEM

SHALL BE PROVIDED.

B. NOT PRESENTLY SCHEDULEDFOR OPERATIONAL

SATURN IB LAUNCH VEHICLES. HOWEVER,
PROVISIONS TO CARRY THIS TELEMETER SHALL
BE INCORPORATEDON ALL SATURN iN LAUNCH

VEHICLES THROUGHAS-_4)7.

AZUSA TRABSPONDER

v_

ONE

3. THIS PCM TELEMETRY SUBSYSTEM SHALL 5.
BE CAPABLE OF TRANSMITTING THE PCM

BIT STREM4 REQUIRED FOR REAL-TINE USE
VIA COAXIAL CABLE TO THE CHECKOUT

FACILITY IN THE MILA PRIOR TO LIFT-OFF
AND' VIA AN PF LINK PRIOR TO AND AFTER
LIFT-OFF.

I. THIS TELEMETRY SUBSYSTE)4 SHALL

TRANSMIT DATA REQUIRED ONLY FOR
POST-MISSION ANALYSIS VIA AN RE
LINK.

_/vies

EqU I P!SENT/FUNCT ION

THIS OPERATIONAL

FLIGHT I VEHICLE

REQUIRED REQUIRED

MOT

REQUIREO REQUIRED

NOT REQUIRED
REQUIRED

POT NOT

REQUIRED REOUIRED

CODING

TABLE 3.3-1
APOLLO SATURN201!

[....
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TABLE3.5 -2A

CSMCOMMUNICATIONSANDTRACKINGREQUIREMENTS

APOLLO-SATURN204/205

NUMBER
OF

UNITS

OPERATINGFREQUENCY
SUBSYSTEM EQUIPMENT ANTENNASUBSYSTEM MODULATIONCHARACTERISTICS

IMPLEMENTATION

VOICE COMMUNICATIONS
(SEE NOTE1) ORiFIEOS-OABU$YSTI'3N

WITHMSFN VNF THkliSC[IVER tl DUE

IANSMIT RECEIVE

THF VNF

m

I WITH _FN

! mmLEM

I
I mmLEM
I

I Wl]H EVA
L

WITHRECOVERYFORCES

0MNI - DI RECT IONAL DSBld4 TIIINSMIT

DABIM RECEIVE

REMARKS

• SEE TABLE S.5-28 FOR IIEquIIIEMEUTR

• ALTERNATE NEAB-EABTH VOICE COI4MORICATIDU$ CHANNEL VIA

SIMPLEX MODE UF UPEIIATIDU

• PfllMARY VOICE COM4UIIICATIORS CNINHELWITH LB4 VIA SIMPLE]
MODE OF OPEBAT ON

• PRIMARY TRANSI41TTER FOIl DUPLEX VOICE COt14ONiCATIDUS

WiTH EVA

• ALTERNATE RACK-UP FOIl VOICE C•DIINiCETiONS WITH EVA VIE

SIMPLEX MOOE OF OPERATION

I• ALTERNATE VOICE C0144ORiCATIORS CHANNEL WITH RRECOVEIIY

FORCES VIA SIMPLEX NODE OF UPEXATIOR

I• PIIOVlDES BEACDU MOUE OF OPEIIATION FOR DF AFTER LAUDING

: • UTILIZED FOIl lOtCE MI_ DATA TIIMItlI!#]JOR i

.Hsc.,...2 w .,p MO_TI,L.n.I,. ..m ,..-Ira, I +,__mL+._ _INo R io FUUT _i
TIUUISCEIVEROI DIDM4 REDEIVE - qe ++t+t. ".ur_ CONI_ICATIONH WITH .

• i i i m i

VNF TIIABSCElYER II

OWE

DUE

VNF TNIN$¢EIVER d12

VNF TRANSCEIVER II

vie TIOR_EtVER _t

HF TIIINSCEIVER

VUF WIF

VI_

VNF VNF

- V_ "

,,,,, ,,,,,, ,,,,, u i am .... -

NF NF 01441-O I NECT 1011AL IM, CW, SSO

WITH RECOVERYFORCES VHFTHINSCEIVERII THF THF

KEYING COMMUNICATIONS

TOMSFN

TELEMEIY

TOMSFN

T
I Fe0.LE_
I
I roOMEVA
I

TAPEPLAYBACK
TOMSFN

T_

/ TOMSFN/
I/////

TELEVISION
TOMSFN

• SEE "VOICE COI44ORICATIDNS WITN MOFD"

OJLTIPLEXEU WITH VNF
IEACDU ANTENNA AFTER ENTRY

UP-DATA
(SEE_TE6)

• RACE-UP VOICE COMMUNICATIONS CH4UIDEL DITH LO4 VIA SIMPLEJ

MODE Of OPEIIETIOR

• DECEIVES LIDI PO4IIN OATA

• IqllMAIIy RECEIVER FOR DUPLEII VOICE COMAORICATIOD$ filTH EV4

• RECEIVES EVA Ot01tEDI¢AL DATA SINULYAREDUSLY WlTII EVA

VOICE

• ALTERNATE lACK-UP FOIl VOICE COmOORIT_TIOWN WITH EVA VIE

SIMPLEX MODE OF OIq_ATIOflS
i i ii i

• SEE "VOICE COI44UNICATIDU$ WITH MSFN"

VHF TIIAMB_'_IVER 12

H

• lEE "VOICE _NOQIIICRTIOI_ MITH LB4'

• PROVIDES BEACON M¢OE OF OPEIIATioR FOR DF AFTER LAIlUlHE

• NF RECOVERY INTEHA DEPLOYED AFTER LABOIDU

• SEE "VOICE COIORJNICATIORS MITH MSFN"

UNIFIED 5-BinO SYST04 • SEE TABLE 3.5-28 FOR IIEOUIXB4EUT$

UNIFIED S-DUD 5YSTE)I • SEE TBLE S.5-_ FOIl REquIRB4EIITR

+ +]]+++]+]+]]+++]+++?+]+++]++] +-+:++]++]++++++++++++]]+++ ++]]_+++: ++ "+ ++++++++++++++]]++ +]+++ ++:+[++++] ++]+ +]+]+]]++ + ] + •UTILIZED _41 VOi¢! RIO raTA TWlSSloR SIMULATIOROROIII4

++++++++++++++++++++++++++++++++++++++++++7+++++++++++++++++++++++++++++++++++++++?: +++++i++ + ++++++ ++++++++++++++++++++++++++++++++++++++7+++++++++++++++++++++++++++++++++7++++++++++++++++_+_++"+-+_-"-'"+'" mm- +
'......++..........................................."...........+++.........................- .........................._..............;+....................' 221// -;.............................;/2/ .................................i " +,-_',,,,+',izZ//// z ./
/ re L O ID S LA BE K F EC RO D $14 Y L IIY

r / /// /// / / //// /+ // / /1 / // / / / / / / / / 7 / / J / / //N/'y / / _ / _/ / / / _ _ P _ _ _ _ _ _ e _ 9 ; _ m) pl+JET /j

vv,,vv× " _ vv ,vv, vvvv "zxx VAVVsVVVVVVVY"'_V VV "',,,X.,_,.,TE..,=.+NX,/_IXX3XX _. +,OM<VV'_XT',XXX_L;MOLP'EEUW,TH.XX_X...,.F.X,,X'Z.x, xxx _, " _ ,0ONLYFDU'.T-,L,+_ABELVS,_X_
._ V'V'VV+7_7,"_ _ _+gV_/X'k'_/'V'_/_"GCf"VI"t "x/vV/VW"P'_G'v";V"/"VVV'v_,'_.EEpt _I. ...........

/I// I // IIII/ /I/// _,_ E;_ _,,; /
/ TH TELB4ETER DUE /225-_BO Mc / / PCN, FM OR FM/FM '• SEE IIUTE 3"/A ,,,/// '/',,7/,,,,,;/////'///////×///,'7.,,,,,'//////..,..,,,////7///////

ISlE "VOICE COII41MICA_'IORI ffITR I.B4 _

_IIF TBBIISUEIVER 12 VOF I_N]lll •SEE NOTE O

• PUM lit RATE OF I,O ltLOOIT$/$E_ANI_

Yl_ FI,41_4, •SEE 'VOICE COIOORIICATIOR$ WilTH LEM"I :

UNIFIED S-HIND SYSTm

i// / / / / ///
/ / PCMI_ TELENETER//

//I///////
'11 1 1 1 I I I/_
/ / POIIFi4 TELEMETER / ]

'11111/I/I

iDIIFIED 5-liND SYSTB4

////Z
////b

;/////, '////////,
,,,,,

I+...... _ + _ ....
BEACON

TORECOVERYFORCES V.FIEACOD DUE

TORECOVERYFORCES BFTIIINSCEIVER

TORECOVERYFORCES VMFTIIINSCEIVERJII

'//////////////Z

FROM MSFN ORIFIEO 5-OAIIO SYST(M

ir'F'-rl-/momMSm._ / I i I i I ill ////l',,'d,L,'m"/111_ ,idR_C_'_ '? yCl_llE V/,, /X_//_ ///// / / 7" 7"i / ' ,INo[LIODTABTERMA / /,....,_. ,.....o..v.....,,,
lACKING AID

TO MSFN UDIFIEO 5-RIND SYSTOR

c×'"-, """ ////// ///////,TOMSFN--//,/_C.eABUREUER'/// // '// I / I / i/ / /U/E /
p'J_,,z.,.., / //II,p++.ER/ / / , /?_ ? ?C_L// / /

tam, vM mmm • _ elcim• i " X-41NO ill l.llIRL_'TIoRil

I. THE MINIMUM VOIID IUTELLIGIDILITY MALL
BE DU_ FOR NONMAL VOICE COI44UIIICETIOIIO
kilo 705 FOR RACE-UP CCRI4UDICATIDUO AS

MEASUIIEO BY USER PEB$_OREL UMBEl
SIMULATED UPERATIPO COWUlTIDUS UTI-
LIZIDU THE AMERICAN STANDARD

FOR MEADUREWEIIT OF MOWOSYLLAIIC YORE
IUTELLIOIBILITY DATED MAY E_, loRD.

2, THE TELB4ETIIY DUISYSTDI SHALL DE DE$1DUEO

TO PROVIDE All EORDU RATE WUT EXCEEDIMO
ORE SIT III IO I BITS FOIl TRINORISOIDUS TO
THE MSFN AS NEINUIIED FORII CSM EI_DUER TO

mFX UECODER.

• SEE TABLE S,S-2B FOX IIEquIIIENERTS

/el / '/'////.TELO4ETRYTO MOFl:///////////js[_ i / / I i / i i / / / / / / / / / /

// / / / // // / / /////////• TRAB_mTSNECOROEUPm/mDAT+/ / / / / / / / /
• EE NOTES 2 S D S /, _,..., _., ,,////111111t.

• SEE TABLE 3.5-28 FOIl REquIR[14[NTS

ii

• SEE TABLE 3.5-20 FOR REQUIREMENTS

' i_/ I / / ,'] I• SURCODEG 5-BIT 1lORDS AT ..E
//111111111/I///, ///

• SEE TABLE $.5-21 FOR IIEquIREMEWT+

¢/I///11111/111 /11/I
• UTILIZES CODING DIFFERENT FROM LAUNCH VEHICLE AND LEM/ J

C BJUID lAD R TII •POND iS/,', , _ , 9 , '}, //]t /t// i_

ROTES:

::iii ....

VNF

HF

VOF

PM iNllll flllll T

OMOI-DIRECTIDUAL In

• VHF IIECOVERY ANTENNA UEPLOYEO AT MAIN CHUTE DEPLOYMENT

• BEACON IS MULTIPLEXED WITH TIIAB$CEIVEO 01 AFTEII EUTRY

HULTIPLEXED DITH VNF
DEACDU AIITEONA AFTER ENTR1

• SEE "VOICE COI44ORICATIORS WITH IIECOVERY FORCES"

• SEE "VOICE CIMMIICATIDUS WITH MAFII"

s/flee

$. TNIS TELEMETRY DUOSTSTB4

SHALL DE COMPATIBLE WITH THE
INTER RARE INSTHM_iTATION

ODUUP STANDARDS (INIO
ORCUNENT NO, i05-BO, "TEL-
NUTRY STABOINDS REVISED

IH2")

q. THE TEL_ETIIY SUDSY•TEN MIALL OE DESIORED

TO FDOVlD[, In ERROR RATE NOT EXCEEDIBO DUE
liT IN IO _ SITS FOR _14 T[LENETRY THINS-
MISBIDU TO THE C:_l ASMEINUREO FROM LEN

EIICDUER TO THE C311 IIECOtDER.

S. THIS POM TELEMETRY SUOSYST_4 SNELL NE

BE CAPABLE OF TIINISMITTIfl@ TEE pCM BIT

STREIN REQUIRED FOIl REAL-TIME USE ViA
COAXIAL CABLE TO THE CNECXORT FACILITY

IN THE MILE PRIOR TO LIFI-OFF EnD VIA
All RF LINE PIIiOR TO END AFTER LIFT-OFF.

0. NO MORE THAN DUE CORRECT K_SSk_E SHALL BE
REJECTED PER ICOO CORIIECT 14_SSABES /diD NO
MORE THAN DUE PER IOV INCORRECT MESSINES SHALL

BE ACCEPTED.

LEOERO

EQUIPMERTIFUNCTIDU

TH I S LUNAR

FLIGHT I MISOIDU

l l_4J I liED llQU I ted

NOT

IIEQUINED RE_IIRED

mOT
REDU I REP REQUIREO

I_T NOT

REQUiRED IIIODIIED

COOING

il iiiiiiiii!iii!!i!! iiiii

TABLE $.O-2A

INOLLO-SATURR _EJ _OS
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APPENDIX 294/205

TABLE3. 5 -2B

CSM UNI FIED S- BAND COMMUN ICAT IONS AND TRACK I NG REQUIREMENTS

APOLLO-SATURN 204J205

OPERATING FREQUENCY

SUBSYSTEM EQUIPMENT NUMBER MODULATIONOF ANTENNA SUBSYSTEM CHARACTERISTICS
IMPLEMENTATION UNITS TRANSMIT RECEIVE

VOICE COMMUNICATIONS

(SEE NOE 1)
FM/PM TRANOMIT -

OVA_I-DIRECTIOflAL 1.25 Mc SUBCBNOlER

Wl TH MSFN eN TRANSPOHDER TOO S-BAND S-BANO OIDECTIOMAL - YHIAOI.E
ii_l DTH fN/PM RECEIVE

30 Kc SUBCABRIER

FM TNAN_41T

AT OAGEDANO

FM/F!4 RECEIVE

70 Wc ${laCIqN(EN

KEYING COMMUNICATIONS
ANIPt4

TO MSFN m TRANSPOODER S-OANO 512 Kc $URCANR_ER

REMARKS

• TRANSPONDER FRE(_UEMCY SHALL BE COHEREHT WITIt SIGNNLS
RECEIVED FROM THE MSFN AND fg THE RATIO OF 2q0;22i

• REUtY VOICE ANO TELEMETRY COI4_UWICJITIO_qS WITH EVA

• iUICKUP UELAY Of: VOICE COMMANqICATI_ID WITH

• TRANSPONDER ALSO PROVIDES FOR TELEMETRY TRANSMISSION,

KEYED TRANSMISSION, UP-OATH N[¢EPTIOil AND TRACKING

AS$1STAWCE EO T_E MSFH,

• EMEflGENCY VOICE TIUUISNISSIM

• THIS CAPABILITY I$ FI_¥tD(D ONLY WHEN THE CKPKDIL-
ITT E_ SIMJLTAM[OU$ PN AiD EMS*OAOD TRANSMISSION

IU PEOVIDED,

• k'_B_NCY VOICE RECEPTION

• THIS CAPAUItlYV IS PROVIDED ONLY _PEN THE CNPARILITY

FOR SINULT_EOUS PA NND F_ S-_AHO THANSmSSlO_ _S

PROVIDED

• SEE "UP-DATAFeoNmFO"

/I/ IIII/ I / //'/// / //./_/
D THIS TRANSkliTTER OPERATES ON THE DANE FREOUEHCY AS InL ,

TRANSPONDER, THEREFORE IT iS POOVlOEU INLY Oi THOSE ELiGflT!

FOH WtlICH SIMULTANEOUS _ ABD FM S-BAND TUANSMISSIOU IS

/HOT _EQUIRE_ /

/_ FMVOICEsuBcANRIERvRECEPTIONIS ACHIEVED VIA PM RECEPTION OF SO lc //

qp/TRANSMITTER ALSO PROVIDES FOR TELEMETRY, SCIEHTIFIC //

/ DATA, TELEVISION, AND TAPE PLAYBACN THANSMISSION TO / /

/777// / / /// / / / //
• SEE "VOICE COMMUNICATIONS WITH MSPN"

• TRANSMITTED ALONE - BACKUP FOR VOICE TRANOMISSION

TELEMETRY

TO MSFN P_ TRANSPONDER S-BAPO

I TO MSFN FWTRAN_'A]ITTEN A2 OPE S-BJiNO MULTIPLEKI;D WITH

ii _BAIfO TRANgPOMOER

i ANTEmtASYST_i

POMI_I_
I.ODq 14¢ SUBCANRIER

ODZ. C SERIAL B_T STREAN

• SEE "VOICE COMMUNICATIONS WITH NSFN"

• DELECTABLE BIT RATES OF 51.2 KiLOBIT$/SECODO AND

I.B KILODITS/SECOMU

• SEE NOTES 2 AND S

EM/FM/m

Z SUBCANRIERS 0_ 1.2E Mc

VOICE SUOCARBI ER

///??7;7/;;/

FIKfFW

25 OK, 12S K©, I05 N¢

: _RCANUIE2G

• SEE "VOICE COMHUNICATIOM$ WITH MSFN"

• RELAY OF COMPOSITE EVA VOICE AND 7 EMANNELS OF EVA

TELEMETRY ON VOICE SUDCANOlER WHEN SIMULTANEOUS PM
AND FM S-BAND TRANSMISSION CAPABILITY IS PROVIDED.

,,s.' ///
qU DELECTABLE BIT RATES OF 51.2 KILOIITS/SECOND AND / / ]

/I.6 KILODITSISECOMO / / / / / / / / / /

 T;S;'7;////////////i
/ / /I I I I II I l / /1111111

• _EE".o,cECO.UH,CAT,O.D.,TH.,EM.III/I//.
PROVIDES 3 CHANNELS Of: REAL TIME SCIENTIFIC DATA/.,ANOM,Ds,ONTOTHE."

,• SiX ADDITIONAL 8UOCANNIERS ABE ALSO AVAILADLE / / / j

/11/111/I/ III//I////

IS M[QUIOEO.

• TRANSMiTTEI ALSO p_¥IOEG FOR T_LEVIGtON J_lO TAP_[

PLEYNACN TIJU_AI_IO_ TO "file 145F_

• PROVING 3 _IIANOEL$ OF HEAl. TIME _A*_IENTIFI¢ DATA

TNANONI$$tON TO _ MSN

1

TAPEPLAYBACK___/_/ _//////_ __ __ _

. TOMSFN, _//_?;wm_P,,

I
I
I
I TO MSFN m TWSmTTON_1 $..o_

I
I
I
I

'" " ' " "' " " '///h'// '//////AEL_mSIONi//jO MSFN ., .RANSM,TT_R"
'_.__/./i///////'/1
I tO_aSFNi _N_""ITTEB" o-ram

UP-DATA

(SEENOE 4) FROM MSFN PWTRANSPOODER S-BAND

TRACKING AID
TO MSFN ewTRANSPONDER S-UANO S-BAND

HOTES:

I. DIE MIPIWqJM _PO INTELLIGiBiLITY SHALL BE
9O FOR ODRI4AL VOICE COI4eJRICATIONS AND

70_ FOR BACK-UP COI4eJNICkTIOMS AS MEASURED

RY USER PERSONNEL UNDER SIWAJLATED OPERATIN_

CODOITIOMS UTILiZIRG THE AMERICAN STANDARD

METHOD FOR MELSURrMENT OF M@MOSYLLABIC _RD

INTELLIGIBILITY O.T_O WAY 25, IODQ

THE TELEMETRY SURSYSTEMSHALL BE DESIGNED

TO PROVIDE AN ERROR RATE HOT EXCEEqrHG ONE

nIT IN I0 _ NiTS FOR PEW TELEMETRY THANS-

MISSIONS TO STATIONS OF THE MSFN AS MEASURED
FPOM CSM PRCODER TO M_FH DECODER.

3. THE POM TELEMETRY SDNSYSTEM SHALL nE

CAPABLE OE TRANOMITTIOD THE PEN BiT STREAM

REQUIRED FOR REAL-TIME USE VIA COAXIAL

CABLE TO THE CHECKOUT FACILITY IN THE MILA

POIOD TO LIFT*OFF AND ViA AN BF LINK PRIOR

TO AND AFTER LiFT-flKF,

q THE UP-DATA SUBSYSTEM SHALL BE DESIGNED IN

CONJUNCTION VITH STATIONS OF _HE MSFR SUCH THLT
NO _RE THAN ONE CORRECT MESSAGE SHALL RE

REJECTED PER i_ CORRECT M(SSADES NNO THAT

NO ODRE THAN ODE PER tON INCORRECT MESSAGES

SHALL BE ACCEPTED.

" I I I I IEM/EM"/1//

///;
IIII / I / I /111

FWIEM /m:///
I////OM,;_,;."////

1,02q 14c' SUBCARRIER////////////

FMIEM

25 Kc, _2S No. rod Rc

_lW, kefl _EEU

l :

EM

AT BASESANO

eOqmlmI,O:Eq Wc SUOCADRtER

I

FM

AT ODB_

/ I _ Idll7///7//////; ,,,,,,,,,,,,'///z....-o'//;,
FII

AT I_IEIM_

PSH/FM/PM

70 Kc SURCARRIER

PM RECEIVE-
PRH CODE AT BASEUANO

PM TRNNSJ41T-

PRN COOE AT BASEBAND

,,,,,,,,,,,,SEE "VOICE COMMUNICATIONS WITH MSEH"

II/11///111//
• • • • i _11 i/ g�. ,EcooDE,.,EM.,,,c..,-OCH'ELS///////

I SIX ADDITIONAL CHANNELS ARE ALSO AVAILABLE/,/_///_////////////

,,,,,,,,/////////////• RECORDER VOICE

IIII/II

:'""""'""W/////• RECOODED CEM PCM TELEMETRY AT APPARENT

/SI.O KILONITSISECOOD RATE/////

I/I/I// I/ /////I//I/I

i • DEE "TEL_'TNY TO M_EN _

• BECORODD SCIENTIFIC DATA - S CHANI_ELS

! IECON_O V_I¢|

• Ol_l_g_ O!_ _11 TELI[NZTNY AT APPARIgIT

Et,2 ilLlitt_/_Z¢OMO

• IIlC_ll_JI Lit I*i EIL_RIT$ I$E¢01_ low TELEMETRY AT

//111/i////////////// /

, , , ,,,

• SEF "VOICE _ICATIONS WITH 14SFH"

t SUBCODED S-BIT WORDS AT IO_ BITStSECODD

• SEE "VOICE COHMUOICATIODS WITH 14SFN"

• COHERENT TURR-AROUND CARRIER

• COHEREHT TUNO-ANODND RANGE CODE

3/II_6

LEGEOD

EQUllq4ENTI FODCTIEM

THIS L_AR

FLIGHT MISSlOD

R EQU I RED REQU I R EO

OUT

REQU I RED REQUI RED

NOT

REQU I RED REQU I RED

NOT gOT

RE_JIREO REQUIRED

COOING

TABLE 3.5-26

APOLLO-SATURN 204/205
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APPENDI X 204/205
TABLE3. 7-4

REQUIREDSATURNIB LAUNCH VEHICLE COVERAGE
APOLLO-SATURN 204/205

PHASE

VHF TELEMETRY

S-IB

S-IVB

IU

TELEMETRY6

IU

COMMAND DESTRUCT

S-IB

S-IVB

UHF UP-DATA

IU

TRACKING

C-BAND

ODOP

AZUSA

I COVERAGE SHALL CONTINUE FOR AT LEAST ONE MINUTE AFTER

THE END OF BURN.

2 CONTINUOUS COVERAGE UNTIL THE PREDICTED IMPACT

POINT OF THE VEHICLE IS OUTSIDE AREAS SPECIFIED

BY RANGE SAFETY.

S TWO LAUNCH VEHICLE TRANSPONDERS SHALL BE

TRACKED CONTINUOUSLY TO SATISFY RANGE SAFETY

REQUIREMENTS.

S-IB BURN S°IVB BURN

ql

END OF S-IVE
COAST IN

BURN
EARTH ORBIT

+B MINUTES

5

S-IVB/IU

CHECKOUT IN

EARTH ORBIT

SPACECRAFT

SEPARATION

2

............

V////A

3/1/66

THE GAP BETWEEN CONTACTS SHALL BE NO _////_ PARTIAL COVERAGE

GREATER THAN I/2 ORBIT. CONTACTS SHALL

BE AT LEAST 3 MINUTES LONG. _ CONTINUOUS COVERAGE

5 THIS REQUIREMENT MAY BE SATISFIED DURING r_l

AN ORBITAL CONTACT. _ NOT REQUIRED

6 EXPERIMENTAL SYSTEM -

HOT REQUIRED OH AS-205.
TABLE 3. 7-4

APOLLO-SATURN 204/205
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Apollo Saturn Mission 206

1.0 Scope This appendix to the Apollo Program Specification identi-

fies the performance, design and test requirements which apply to

the Program elements to be utilized for Apollo Saturn Mission 206 (AS-

206). These requirements are presented in this appendix as deviations

to the requirements specified in the body of the specification. Unless

otherwise noted, the paragraphs in this appendix replace in their en-

tirety the identically numbered paragraphs in the body of the specifica-

tion.

1.1 Applicability No change. (1)

1.2 Change Approval No change.

2.0 Applicable Documents No change.

3.0 Requirements

3.1 Performance

version.

Characteristics

General Add: To the extent practicable, the hardware used

on AS-206 shall be of the same design as the operational

(1) The phrase "no change" is used after a section heading throughout

this appendix to mean that the requirement in the body of the specifica-

tion applies to this mission without change.
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3.1.1.2 Mission Performance

3.1.1.2.1 Mission Mode For this mission an unmanned Apollo space-

craft, which includes a boilerplate CSM and a LEM, shall

be launched from the Cape Kennedy launch area (LC 37B) by a Saturn IB

launch vehicle. The Saturn IB consists of an S-IB first stage, an S-IVB

(Saturn IB version) second stage and an IU (Saturn IB version). The

boilerplate CSM shall be separated from the remainder of the space

vehicle by the Launch Escape System during the ascent to Earth orbit.

After insertion into Earth orbit, the LEM shall be separated from the re-

mainder of the space vehicle and both the ascent and descent stages

operated while in Earth orbit. No recovery of flight hardware is required.

3.1.1.2.2 Mission Command A Mission Control Programmer shall be

provided on board the LEM which, in conjunction with the

LEM guidance computer, shall provide spacecraft commands as neces-

sary for accomplishment of the mission. The Mission Control Program-

mer shall be capable, independent of the LEM guidance computer, of

receiving signals from ground-based personnel as a backup. The MSFN

shall be used for communication with the space vehicle, including up-

data transmission and television, telemetry and simulated voice re-

ception, and for tracking of the space vehicle (the existing configuration

of launch vehicle stages and spacecraft modules at a given point in the

mission) during the mission.

3.1. l. 2.3 Payload The payload for this mission shall include a

boilerplate CSM and a LEM. The objectives shall include

those identified in Apollo Flight Mission Assignments, M-D MA 500-11.

3.1.1.2.4 Earth Launch Launch capability shall be provided to permit

an initial flight azimuth of 072 ° .
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3.1.1.2.5 Earth Parking Orbit The capability shall be provided to

perform the mission using an elliptical orbit with a nominal

apogee of 120 nm and a nominal perigee of 85 nm (after S-IVB insertion)

and higher altitude orbits, not to exceed 300 nm, using the LEM for

maneuvering subsequent to separation from the launch vehicle.

3.1.1.2.6

3.1.1.2.7

3.1.1.2.8

3.1.1.2.9

3.1.1.2.10

Injection Opportunities

Lunar Landing Accuracy

Lunar Exploration N/A.

Earth Landing N/A.

Recovery N/A.

Not applicable (N/A). (2)

N/A. See 3.1.1.1 (AS-206).

3.1.2 Program Definition No change.

3.1.3 Operability

3.1.3.1 Logistics No change.

3.1.3.2 Safety No change.

3.1.3.3 Reliability The numerical reliability values for mission suc-

cess given in Table 3.1-2 shall be used where applicable

for engineering design and as a standard for evaluating test results. The

success probability for the S-IB stage shall be at least 0.95.

On Table 3.1-2 change note 1 to: The preflight phase begins

with the decision to start the countdown for launch and ends with launch.

Change note 2 to: The flight phase begins with space vehicle liftoff

from the launch pad and terminates with conclusion of the LEM experi-

ments.

(2) The phrase "not applicable" is used after a section heading through-

out this appendix to mean that the requirement in the body of the speci-
fication does not apply to this mission.
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3.2 Program Standards No change.

3.3 Saturn IB Launch Vehicle

3.3.1

i0.i.

3.3.1.2

3.3.1.3

3.3.1.4

3.3.1.5

General No change except launch vehicle control weights

shall be as specified for AS-206 in Table 10. l-l, Appendix

Payload The launch vehicle shall provide the payload

capability specified for AS-206 in Table 10.1-1, Appendix

Standby Time No change.

Prelaunch Checkout No change.

In-Flight Performance Evaluation No change.

Emergency Detection Subsystem No change except that EDS

information shall not be provided for display to the crew

and the EDS

3.3.1.6

3.3.1.7

3.3.1.8

shall be operated in an open-loop mode.

Instrumentation Delete reference to the crew.

Command Destruct No change.

Electrical Power No change.

3.3.2 Structure No change.

3.3.2.1 Prelaunch Environment No change.

3.3.2.2 Launch and Flight Environment The launch vehicle shall be

capable of being launched in the 90 percentile peak surface

wind conditions given in 2.3.2.3 of M-DE 8020. 008B and associated

wind shears given in 2.3.2.4 of M-DE 8020.008B. The launch vehicle

shall be capable of flight in the 95 percentile quasi-steady state in-

flight winds given in 2.3.2.5 of M-DE 8020.008B. In addition, the

vehicle shall be capable of flight with 85 percent of the 99 percentile
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wind shears given in 2.3.2.5 of M-DE 8020.008B, and with 85 percent

of the quasi-square wave gust given in 2.3.2.8 of M-DE 8020. 008B,

both superimposed on the 95 percentile quasi-steady state in-flight

winds given in 2.3.2.5 of M-DE 8020.008B.

3.3.3 Propulsion No change.

3.3.4 Launch Vehicle Guidance, Navigation and Control

3.3.4.1 General The launch vehicle guidance, navigation and con-

trol system shall provide the guidance, navigation and con-

trol functions which are required for the space vehicle from liftoff through

separation of the LEM from the launch vehicle. The principal elements

shall be an inertial measurement unit (IMU), a digital computer and con-

trol electronics. These elements shall be located in the IU.

3.3.4.1.1 No change.

3.3.4.1.2 N/A.

3.3.5 Saturn IB Launch Vehicle Communications and Tracking

3.3.5.1 General Add: (e) Television transmission.

3.3.5.2 Functional Capability Add the following paragraph:

3.3.5.2.5 Television A television subsystem shall be provided in

the IU which shall be able to provide television coverage

of the separation of the LEM from the S-IVB/IU.

3.3.5.3 Coverage Capability The Saturn IB Communication and

Tracking System shall be able to operate with the MSFN to

achieve the coverage specified in Table 3.7-4 (206) of this appendix.
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3.3.5.4 Performance The Saturn IB Communication and Tracking

System shall meet the requirements specified in Table 3.3-1

(206) of this appendix.

3.4 Saturn V Launch Vehicle N/A.

3.5 Spacecraft

3.5.1 General The spacecraft shall be composed of a boilerplate

CSM, a LES, an Adapter and a LEM. The spacecraft shall be

designed to be mated to a Saturn IB launch vehicle. The boilerplate

CSM shall act as an aerodynamic shroud during the initial phase of the

launch and will be jettisoned with the LES. The LEM shall be composed

of an ascent stage and a descent stage.

Spacecraft control weights shall be as specified for AS-206

in Table 10.1-3, Appendix 10.1.

3.5.1.1 Prelaunch Environment No change.

3.5.1.2 Prelaunch Checkout No change.

3.5.1.3 In-Flight Performance Evaluation No change.

3.5. i.4 Standby Time The spacecraft shall have the capability to

stand by in a loaded condition, after launch vehicle pro-

pellant loading, for i0 hours and still perform the mission.

3.5. i.5 Launch and Flight Environment The spacecraft shall be

capable of being launched in the 90 percentile peak surface

wind conditions given in 2.3.2.3 of M-DE 8020. 008B and associated

wind shears given in 2.3.2.4 of M-DE 8020.008B. The spacecraft shall

be capable of flight in the 95 percentile quasi-steady state in-flight

winds given in 2.3.2.5 of M-DE 8020.008B. In addition, the spacecraft

shall be capable of flight with 85 percent of the 99 percentile wind shears
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given in 2.3.2.6 of M-DE 8020. 008B, and with 85 percent of the quasi-

square wave gust given in 2.3.2.8 of M-DE 8020. 008B, both superim-

posed on the 95 percentile quasi-steady state in-flight winds given in

2.3.2.5 of M-DE 8020. 008B.

3.5. i. 6 Earth Orbit Environment No change.

3.5.1.7 Translunar Environment N/A. See 3. i. i. 1 (AS-206).

3.5. i. 8 Transposition N/A.

3.5. i. 9 One-Man Operation N/A.

3.5.1.10 CSM/LEM Abort N/A.

3.5. i. ii Separation Time All LEM subsystems shall be cap_hl_ _{

meeting their performance requirements, while separated

from the S-IVB and Adapter, for at least the time necessary to achieve

the objectives specified in 3.1.1.2.3 (AS-206).

3.5.1.12

3.5.1.13

3.5.1.14

3.5.1.15

3.5.1.16

8020.008B.

3.5.1.17

3.5.1.18

3.5.1.19

3.5.1.20

Descent Abort N/A.

Translational Range N/A.

Lunar Environment N/A. See 3. i. i. 1 (AS-206).

Lunar Landing N/A. See 3. i. i. 1 (AS-206).

Lunar Operations The LEM shall be capable of accommo-

dating the temperature of lunar day as given in 5.7 of M-DE

Scientific Equipment Support N/A.

Sterilization No change.

Launch Platform N/A.

Ascent Stage Operations Using the LEM Ascent Propulsion

Subsystem, the ascent stage shall be capable of separating

from the descent stage during Earth orbit. The ascent stage shall be

capable of operation independent of the descent stage for at least the time

necessary to achieve the objectives specified in 3.1.1.2.3 (AS-206).

Z09- 774 O - 66 - IZ
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3.5.1.21

3.5.1.22

3.5.1.23

3.5.1.24

3.5.1.25

3.5.1.26

Rendezvous and Dock N/A.

Entry N/A.

Aerodynamic Characteristics

Landing N/A.

Postlanding N/A.

Recovery N/A.

N/A.

3.5.2

mission.

Command and Service Modules A boilerplate CSM will be

used as an aerodynamic shroud during the initial phase of the

It will be jettisoned with the LES.

3.5.3

3.5.3.1

3.5.3.1.1

3.5.3.1.2

3.5.3.1.3

3.5.3.1.4

3.5.3.1.5

3.5.3.1.6

3.5.3.2

3.5.3.2.1

3.5.3.2.2

Lunar Excursion Module

Structure

Cabin Space N/A. See 3. i. i. 1 (AS-206).

Windows N/A. See 3. i. i. 1 (AS-206).

Ingress and Egress N/A. See 3.1.i.i (AS-206).

Docking N/A.

Thermal Requirements No change.

EMU Storage N/A.

LEM Propulsion

General No change except that AV numbers in Table 3.5-1

are not applicable.

LEM Reaction Control Subsystem The LEM RCS shall pro-

vide thrust for translation along three axes and attitude

control about three axes during descent and ascent engine operations.

There shall be two separate, redundant subsystems. See 3.1.1.1

(AS-206).
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3.5.3.2.3 LEM Descent Propulsion Subsystem The LEM Descent

Propulsion Subsystem shall provide the propulsion neces-

sary to support the mission requirements of 3.1.1.2.3 (AS-206).

3.5.3.2.4 LEM Ascent Propulsion Subsystem The LEM Ascent Pro-

pulsion Subsystem shall provide the propulsion necessary

to support the mission requirements of 3.1.1.2.3 (AS-206).

3.5.3.3 LEM Communications and Tracking

3.5.3.3.1 General The LEM Communication and Tracking System

shall provide the following vap_bAztz_.

_,Q) O.LiLIU.I.CiLt:_I VUIL;_ L;ULilLiiuiliL;CILIULL_.

(b) Telemetry transmission and reception.

(c) Tracking aid.

(d) Up-data reception.

3.5.3.3.2 Functional Capability

3.5.3.3.2.1 Voice Communication The voice communication sub-

system shall be able to provide simulated voice com-

munications from the LEM to the MSFN.

3.5.3.3.2.2 Telemetry The telemetry subsystem shall be able to:

(a) Transmit operational data from the LEM to the MSFN at a high

and a low bit data rate.

(b) Transmit the data required for postflight analysis.

3.5.3.3.2.3 Tracking and Tracking Aid The tracking aid subsystem

shall enable the MSFN to track the LEM.

3.5.3.3.2.4 Television N/A.

3.5.3.3.2.5 Up-Data The up-data subsystem shall be able to:

(a) Receive data from the MSFN.

(b) Supply up-data verification signals to the MSFN via the LEM

telemetry subsystem.
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3.5.3.3.3 Coverage Capability

3.5.3.3.3.1 LEM-MSFN The LEM Communication and Tracking

System shall be able to operate with the MSFN to achieve

the coverage specified in Table 3.7-2 (206) of this appendix.

3.5.3.3.3.2 LEM-CSM N/A.

3.5.3.3.3.3 LEM-EVA N/A.

3.5.3.3.3.4 LEM-Lunar Surface N/A.

3.5.3.3.4 Performance The LEM Communication and Tracking System

shall meet the requirements specified in Tables 3.5-4A

(206) and 3.5-4B (206) of this appendix.

3.5.3.4 Electrical Power Subsystem

3.5.3.4.1 General The LEM EPS shall distribute the electrical power

required by the LEM during all phases of the mission. The

source of power shall be EPS batteries located in the ascent and descent

stages.

3.5.3.4.2 Sizing The power generation subsystem shall contain four

descent-stage batteries and two ascent-stage batteries.

3.5.3.4.3 Nominal Capacity No change.

3. S. 3.4.4 Pyrotechnic Firing Circuits No change.

3.5.3.4.5 Ground Support No change.

3.5.3.5 Integrated Navigation, Guidance and Control System

3.5.3.5.1 General The navigation, guidance and control system

shall be composed of the LEM Primary Navigation, Guidance

and Gontrol System (PNGCS) and the LEM Stabilization and Control Sys-

tem (SGS) with common usage of some elements.

The PNGGS and the SGS shall be used in conjunction with

the Mission Control Programmer (MGP) to provide the LEM with the capa-

bility of executing unmanned Apollo Saturn 206 flight sequences after LEM
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separation from the rest of the space vehicle. The MGP and SGS shall

also provide LEM control in the event of PNGCS failure.

LEM control during the mission shall be provided by the

LEM Guidance Computer in conjunction with the MOP. The guidance

computer shall initiate LEM guidance and control functions. As a backup,

the MGP shall be able to accept certain discrete ground commands inde-

pendent of the PNGCS so as to provide LEM control.

3.5.3.5.1.1 The principal elements of the PNGCS shall be an IMU,

a digital computer, an optical subsystem and controls.

3.5.3.5.1.2 The principal elements of the SCS shall be gyroscopes,

an accelerometer rigidly mounted to the LEM structure,

control electronics and controls.

3.5.3.5.1.3 The PNGCS shall provide means for checkout on the

launch pad utilizing the prelaunch checkout equipment.

3.5.3.5.1.4 The PNGCS shall:

(a) Permit the guidance computer to accept command and navigation

data from the MSFN via up-data link.

(b) Provide for prelaunch alignment of the PNGCS IMU.

3.5.3.5.2 Accuracy N/A. See 3.1. i.i (AS-206).

3.5.3.6 Display and Control (D&C) Subsystem N/A.

3.5.3.7 Environmental Control Subsystem The LEM shall be equipped

with a nonregenerative EGS which shall provide a conditioned

atmosphere, water management and thermal control of equipment when

needed.

3.5.3.7.1

3.5.3.7.2

Extravehicular Operations N/A.

Atmospheric Supply No change except delete references

to the crew.
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3.5.3.7.3 Water Management Water shall be stored on board at

launch for maintaining thermal control of equipment.

EMU Support N/A.

Crew Equipment N/A.

3.5.4 Launch Escape System

3.5.4.1 The LES shall be capable of removing the boilerplate CSM

from the space vehicle after S-IVB ignition and providing

sufficient separation distance to avoid interference with the space

vehicle.

3.5.4.2 N/A.

3.5.5

3.5.5.1

3.5.5.2

3.5.5.3

the LES.

Adapter

General No change.

Access No change.

Deployment The Adapter shall be designed to permit the

boilerplate CSM to separate from the Adapter and LEM using

The Adapter design shall also permit the LEM to be separated

from the Adapter without aid from the CSM. The Adapter shall not inter-

fere with launch vehicle or spacecraft communications.

3.5.5.4 Television Television cameras as specified in 3.3.5.2.5

of this appendix shall be capable of providing television

coverage of the separation of the LEM from the S-IVB/IU.

3.5.6 Extravehicular Mobility Unit N/A.

3.5.7 Scientific Payload The spacecraft shall be capable of sup-

porting the in-flight experiments identified in Apollo Flight

Mission Assignments, M-D MA 500-11.
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3.5.8 Flight Crew Training Equipment N/A.

3.6 Launch Area Only the requirements which are identified with

LC 37B and the Direct Launch Support Facilities are applicable

with the following exceptions:

3.6.3

mission.

3.6.3.1

3.6.5.1

Launch Complexes 34 and 37B Launch of manned Apollo

Saturn IB space vehicles shall not be a requirement for this

Launch Pad and Umbilical Tower (c) N/A. See 3.1.1.1

(AS-206).

Operations and Checkout Building (e) Monitoring astronaut

performance shall not be a requirement for this mission.

3.7 Manned Space Flight Network

3.7.1 General No change.

3.7.2.2

(a)

(b)

Functional Capability

Voice Communications The voice communications subsystem

shall enable:

(a) Simulated voice communications from the LEM to the MCC.

(b) Duplex, 4-wire voice communications between MSFN stations

and the MCC.

Telemetry The telemetry subsystem shall be able to receive:

High or low bit rate operational telemetry from the LEM.

Operational telemetry from each stage of the launch vehicle and

the IU simultaneously with (a).

(c) Engineering data from the space vehicle simultaneously with (a)

and (b).
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3.7.2.4

3.7.2.5

Tracking The tracking subsystem shall be able to:

Track in angle, range and range rate the transponders in the

launch vehicle during the launch phase.

(b) Track in angle and range the radar transponders in the IU and

the LEM during flight.

(c) Track in angle, range and range rate the transponder in the LEM

during flight.

(d) "Skin" track the space vehicle in Earth orbit.

(e) Provide sampled tracking data for transmission to the MGC, and

where required, for on-site computation.

Digital Command Communications The Digital Command

Communications Subsystem (DGGS) shall be able to:

(a) Transmit up-data sequentially to the LEM and the IU.

(b) Monitor and verify the transmission of up-data to the space

vehicle.

(c) Receive from the telemetry subsystem verification of accurate

receipt of up-data by the LEM and the IU.

(d) Transmit to the MGG verification signals received from the LEM

and the IU.

(e) Be controlled by the display and control subsystem at the site

or remotely from the MGC.

Television The television subsystem shall be able to

receive and record television transmission from the IU.
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3.7.2.6 Display and Control No change except the CSM reference is

not applicable.

Data Processing No change.

Timing No change.

3.7.3 Coverage Capability The MSFN station in the launch area

shall be able to support the prelaunch checkout of the space

vehicle on the launch pad.

The MSFN shall provide the coverage capabilities for the:

(a) LEM as specified in Table 3.7-2 (206) of this appendix.

(b) Saturn IB launch vehicle as specified in Table 3.7-4 (206) of

this appendix.

3.7.4 Performance No change except the MSFN shall operate with the

space vehicle subsystems as specified in 3.3.5 and 3.5.3.3

of this appendix.

3.8 Mission Control Center No change except delete 3.8.1 (d).

4.0 Quality Assurance No change.
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TABLE 3. 3 - 1

SATURN IB LAUNCH VEHICLE COMMUNICATION AND TRACKING REQUIREMENTS

APOLLO'SATURN 206

STAGE

SUBSYSTEM

EQUI PMENT
I MPLEMENTATION

NUMBER
OF UNITS

OPERATINGFREQUENCY

ANTENNASUBSYSTEM MODULATIONCHARACTERISTICS REMARKS

S-I B | SEE NOTES I, 2 AND 3

TELEMETRY FON/FM TELEMETER ONF OtHNI -DI RECTI ORAL PCH/FM
• PCM BIT RATE SHALL BE 72 KILOBITSISECOMU

I SEE NOTES i AND q
MULTIPLEXED WITH OUTPUT

FN/FM TELEMETER ONE OF S-Ill PON/FW TELEMETER

X

sV\/\/\

"x" Y X
NULTIPLEXED WITH OUTPUT

_>OF S-IN PON/FM TELENETER

\/ \/ \/
'.U£_EXED_OU©

.R,ELEM 

EM/EM

X

% \

• THIS SYSTEM SHALL DE CSHiPATIOLE MITH RANGE SAFETY CONMAHD
COMMANDDESTRUCT RECEIVER AND DECODER TWO OMNI-DIRECTIONAL TRANSMITTERS INSTALLED AT STATIONS OF THE ETR.

TRACKING •Due TRANSPONOER ONE FIXED DIRECTIONAL

S-iVB

TELEMETRY PON/FM TELEMETER ONE ONNI-DIRECTtOflAL PONIFH

GO
\/ \
SHE,,,/

TRANSMIT RECEIVE

225-260 Mc

225-260 Nc

2_%2E'- 260 Xc_

./\/\

_O0-UGO Mc

UHF UHF

22G-260 Wc

225-260

qoo-u50 Mc

225-260 Mc

225-2B0 Me

C-BAND C-SAND

C-BAND C-BAND

1700- J730 Mc

"',z _MULTI PLE_EO MUTPUT

'OF S-IVB _I_ON/FM TELEMETER

/\ /\ /\_

COMMAND DESTRUCT

INSTRUMENTUNIT

TELEMETRY

UP-DATA

/XpAN/FM/FN EL E E .

/ x/ ,_ ",,/
._\/\/\

FHTE,_TEH,,</

RECEIVER AND DECODER

PON/FM TELEMETER

FN/FM TELEMETER

,/X /\/"
VPANIFMIFH TELEMETER

/_ /\/ V
/x 7,, /\

SS/EM TELEMETER

s.,/\ / \/

RECEIVER AND DECODER

C-BAND

RADAR TRANSPONDER

AZUSA TRANSPONDER

T_O

ONE

ONE

ONE

ONE

ONE

/// / /
/TELEVISIONTR;EMITI'ER// /ONE /

3. THIS PON TELEMETRY SUBSYSTEM SHALL
BE CAPABLE OF TRANS_41TTINO THE PON

BIT STREAN REQUIHED FOR REAL-TIME USE
VIA COAXIAL CABLE TO THE CHECKOUT
FACILITY IN THE MILA PRIOR TO LIF-i'-OFF
AND VIA AN RF LIHH PRIOR TO AND AFTER

LIFT-OFF.

TRACKING

OMNI-DIRECTIONAL

- .TELEVI SI ON

/ /
NOTES:

I THIS TELEMETRY SUBSYSTEM SHALL BE

COMPATIBLE WITH THE INTER RANGE
INSTRUMENTATION GROUP STANDARDS

IIRIO DOCUMENT RO. 10_-60.
TELEMETRY STANDARDS REVISED 1962")

OMNI-DIRECTIONAL

NULTIPLEXED WITH OUTPUT
OF IU VHF PON/FN TELEMETEI

\/ %/ \/
MULTIPLEXED WITH OUTPUT

OFI4U VHF PON/FM TELEMETER
_" /\ 2x 2

%/ .\/ \/
MULTIPLEXED WITH OUTPUT

OF IU VHF PON/_ TELEMETER

7",, 7,, "

OMNI-DIRECTIONAL

OMNI-OIRECTIONAL

ONHI-DIRECTIONAL

"x/

PCM/FM

FM/FM

\ 2FM,,"X/X/\
• x/ -,/ %_x,/\/

PSXIFN

PULSE

ALL PCM TELEMETRY SUBSYSTEMS SHALL

BE DESIGNED TO PROVIDE AN ERROR
RATE NOT EXCEEDING ONE BIT IN I0 I
BITS FOR TRANSMISSIONS TO THE NSFN

AS MEASURED FRON LAUNCH VEHICLE
EHCODER TO EARTH-BASED DECODER.

FM

///,//,./,///

q. THIS TELEMETRY SUBSYSTEM SHALL

TRAHEMIT DATA REQUIRED ONLY FOR
POST-MISSION ANALYSIS VIA AN RF
LINE.

• SEE NOTES I, 2 AND 3

• PON BIT RATE SHALL BE 72 KILOBITSISECONO

% ," _ ,-%/`% /'%/%/%./

;_E_

SEE NOTES I AND

\/\/

PTHIS SYSTEM SHALL BE COMPATIBLE MITH RAMOE SAFETY COFI4ANOI
TRANONITI'ERS INSTALLED AT STATIONS OF THE ETR.

oSEE NOTES I, 2 AND G
e poN BIT RATE SHALL BE 72 RILOBITS/SECOND

eDIT STREAM SHALL CONTAIN ALL S-IVO/IU MISSION CONTROLqATA

_,EE NOTE_I, 2_A;D S/ V V V

• EXPERIMENTAL SYSTEM' -- %A_
mPCM BIT RATE SHALL DE 72 KILOBITSISECOMO%qu#_ V

.._,,,.-,- _.,__ ,_,,_._,,,.,._ _ _-_'__

5. UP TO q VHF STAGE TELEMETERS SHALL BE

MULTIPLEXED ON k COMMONANTENNA SUB-

SYSTEM. WHEN MORE THAN q VHF STAGE

TELEMETERS ARE CARRIED, A SECOND
ONNI-DIRECTIONAL ANTENNA SUBSYSTEM

SHALL BE PROVIDED.

NOT PRESENTLY SCHEDULED FOR OPERATIONAL

SITURH IB LAUNCH VEHICLES. HOWEVER,

PROVISIONS TO CARRY THiS TELEMETER SHALL

BE INCORPORATED ON ALL SATURN lB LAUNCH
VEHICLES THROUGH AS-207.

• SEE NOTES I AND q

v v v v Y V V
/\/

• SUBCOOED 5-BIT WORDS AT loud BITS/SECOND

• THE UP-DATA SUBSYSTEM SHALL BE OESIGHEO IN CONJUNCTION
WITH STATIONS OF THE MSFH SUCH THAT NO MORE THAN ONE
CORRECT NESSkGE SHkLL BE REJECTED PER 104_) CORRECT

MESSAGES AHD THAT NO NORE THAN ONE PER IO s INCORRECT
MESSAGES SHALL BE ACCEPTEO.

• UTILIZES CODING DIFFERENT FROM C-BAND RADAR TRANSPONDERS
ON SPACECRkFT

"//////,
EOUIPNENT/FUNCTION

THIS OPERATIONAL

FLIGHT I VEHICLE

REQUIRED REQUIRED

NOT

REQUIRED REQUIRED

HOT
REQUIRED REQUIRED

NOT NOT

REQUIRED REQUIRED

CODING

TABLE 3.3- I

APOLLO SATURN 2OB
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SUBSYSTEM

VOICE COMMUNICATIONS

(SEE NOTE I) WITH MSFN!

WITH MSFN

WITH MSFN

IFw,TH sM
[--_-

I WITH CSM

I
WWITHEVA

I WITHEVA
KEY I NG CONWIUNICATtONS

TO MSFN

ii

TELEMETRY
TO MSFN

TO MFS N

V---/--',
• TO MSFN

__--/_
l TO MSFN

I TO MSFN

. TO MSFN

_CSM

TAPE PLAYBACK_ /_

iii;;Eii_
_illi:i;i:.i!i i i_!!: ::: .::_:_s: ::..: ...................

uP.-DAaIsE'I'NOTE6jz'" 2
/ /// FROMMSFN

//// / /
TRACKING AID

TO MSFN

"7"'_
_TO MSFN

I / t

TRACKING

OF CSM

APPENDIX 206

TABLE3.5-4A

LEM COMMUNICATIONS AND TRACKING REQUIREMENTS

APOLLO-SATURN 206

EQUIPMENT

IMPLEMENTATION

NUMBER

OF UNITS

OPERATI NG FREQUENCY

ANTENNA SUBSYSTEM
TRANSMIT RECEIVE

U_IFIED G-DAND SYSTEM

VHF TRANSCEIVER _1 VNF

VHF TRANSCEIVER _2 YHF V_

MODULATION CHARACTER I STI CS REMARKS

• SEE TABLE 3.5-qB FOR REOUIREMERTS

• UTILI2ED FOR VOICE TRANE_41SSION SIWULATIOM OURIWG R & O
FLIGHT PROORJU4

• SEE •VOICE COMMUNICATIONS WITH CBM"

• UTILIZED FOR VOICE AND DATA TRANSMISSION DURING R & O
FLIGflT PROGRAM

• SEE 'VOICE COMNUNICATIOBS WITH CSM"

VffF TRANSCEIVER _1 ONE

VEF TRAR$CEIVER _2 ONE

,, ,, , i ,,,,,,,

YflF TRJU(SCEfYER _11

VHF TRAI($CEV_EE f_2

u uiih

UNIFIED S-BAND $YSTB4

UNIFIED S-BAND SYSTEM

/ "" / //
VHF TELEMETER

/ /

VHF TELEMETER

/ / /

/ "/VHF TELEMETER
/ /

VHF TELEMETER

/ / /

/VRFJELE_TER

VHF TRANSCEIVER H2

II IJ

,, . . _'_u ¢A1"_10l_$ t/ _ E¥_ i!: :;'i! : :::: _i_'; ::::L'. Ci!"" :

ii : :i g_O£_ • :: i_ _: !::::_:i_: :::::::::::::::::::::::: !;:: : j
VMF VMF NULTIPLEXEO W TH : O_GJ_4 TUMNM_" • TIIL_II_'_ L_ _1)_ Ok_!_.¢_ i::,":i:::!'!: 5:!ii! ii!i i::ii::ii:: i

I'ltAN$CE VER p , : OSBdQ.IRECEIYE : : • RECEIVE! _TtLI_ED iFOR MIPt_E_ yO|CE _)]B,I_!wITM EVA

" BCE IE_ tr_l_Ll_g t_a$_f_-Ue _;g X_l_ VO CE

: r ' COHW_WiCAT_Xq_ _$_1 EV[i: "':'i :: : :! i! : "i::':::i ]

- e :" : : :: : " "::::"
VHF VHF • SEE Y_CE COMMUNff.ATIOM:.:_!_ ¢_1' !:; i'i:! ::!:i

..... I : '' # . :i::. r'" :: I

_F HF : :. • SEE VOICE ¢Ot414Ll_t:¢k_lOl_s:_ll_i_ ¢_ :: .!: :::

H_ i _ i i _ uu. i _ i : ' :i: .:

• SEE TABLE 3.5-P,B FOR REQUIREMENTS

• SEE TABLE 3.5-qB FOR REQUIREMENTS

/7"/
/O.E'/
/ OHE_/

/,ORE'/
/o.:/

/ / R & D ONNI-DIRECTIONAL /" /PAN/F'N/FM /#SUBSYSTEN ON LEM AND i
/225"260M¢I f/// OR ADAPTER i/" _ //# , ./ ///
/ // /"

225"260 Nc , s//./ MULTIPLEXED ON VHFR&D ' P/d4/FM/EMTELE)iETRY ANTENNA SU8_/_' " / /
I"/ _/ g* SYSTEM/./ //// / ///

/_V°°_ ,, / .ULT,,LEXEDOHVH,R,D - .• /. TELEMETRVANTENRA,U_///F_.M.. ///
SYSTEM / ,/ //.// / / /_"

/ / //// MULTIPLEXED OR VHF R A O
,SVST , ,/225_260 _.' TELEMETRY ANTENNA SUB-/

/ / /

, / ,225-260 No/ ///.TMUF_T/:LEyXEIDNO_NNV_Fs_I;-&G'SYSTEM./ ./ / "//.//' PCM//FM "///

VHF

> BEE_._OTES3////////

k SE'_;OTEr/////////

k_ SE_ _OTE/S////////

• cO_STANC.HD(,o,,&T_"/////
/ . . . // ///
". SE_HOTE_',,S;,,O_ / _/////
? REDU"DANTW_TW._N_F_E_S-.."DSYS3E_HC"OHR//
• UTI LI ZED FORDATA TRANEMI G$10M S IMULATION DURlEG R & O PROGRM4

• SEE "VOICE CONIfUNICATIONS WITH CSM"

VHF TRANSCEIVER #2 VHF

VHF TRANSCEIVER #2

UNIFIED S-BAND SYSTEM

VMF

C R ARD DECODER ON qOO-qso Mc

///// ///

UNIFIED S-BAND SYSTEM

.... "/;-/" "N/C-BAND RADAR TRANSPONDER C-BA

/ / J t" ¢ /

RENDE2VOUS RADAR 1WO X-BAND

PCM/_4

FMI _.M

K> C

,_EBLsEN_RY A_ENN' / P M

- - ,/OM/N '-D 'RECT ' O_AL /////,,PULSE////

PM TRARSNIT
X-BkRO DIRECTIONAL PM RECEIVE

• SEE NOTE 5

• POM BIT RATE OF 1.6 KILONITSfSECOWO

• SEE "VOICE COMNUNICATIONS WITH CS14"

• SEE "VOICE ¢OMM_i_kTiON_ WITM

\/ ",,/

• DEE..:_TABLE.,_ 3.G-U,m. ,FOR REOUIRENERTS ._,_;,_.,_4,..,.,_. :_," _--

U_ i ZEVRLY ;R/NV & 7L i G? PHOG>'M

• SEE TABLE 3,5-RB FOR REI_JIREMENTS

SAME CODIM'G IS I_TILI2[D FOR'BOTH "_'RANSPGNDERS'BUT//

• COUIN2 DIFFERS FROM THAT USEDBY CSI_JAND LAUNCH VEHI_.E /

• THREE-TONE RANGE CODE ANO CARRIER COHERENT TURN-_ROUNU

RANGE I% OR 20 feet
ANGLE 8mr bias

2mr random
• ALSO USED FOR TRACKING OF TRACKING AID OH LUNAR SURFACE

OF TRACKING AID

ON LUNAR SURFACE
REROEZVOUS RADAR

OF LUNAR SURFACE LANDING RADAR

X-BAND X-BANO

ORE X-BAND X-BANO DIRECTIONAL

• SEE "TRACKING OF CSM"

.ACCURACY: t_ I VELOCITY I%ORlfpsCWAND FM/CW TRAN,e_AIT RANGE I% OR B feet

NOTES:

h THE MINIMUM WORD INTELLIGIBILITY SHALL BE

90% FOR NORMAL VOICE CONMUNICATIONS AND
70% FOR SACK-UP COMMUNICATIONS AS MEASURED

BY USER PERSONNEL UNDER SIMULATED OPERATIRG
CONDJTIONS UTILIZING THE AMERICAN STANDARD
METHOD FOR MEASUREMENT OF NOWOSYLLABIC WORD

INTELLFGIBILITY DATED MAY 25, IgGO.

2. THE TELEMETRY SUBSYSTEM SHALL BE DESIGNED
TO PROVIDE AN ERROR RATE NOT EXCEEDING ONE
BIT IN I0 ¢ BITS FOR PCN TELEMETRY TRANS-

MISSIONS TO STATIONS OF THE MSFN AS MEASURED
FROM LEM ENCODER TO NSFR DECODER.

3. THE TELEMETRY SUBSYSTEMS SHALL BE

COMPATIBLE WITH THE INTER RANGE
INSTRUMENTATION GROUP STANDARDS (IRIG
DOCUMENT NO. 106-60 "TELENETRY S_ANDARDS

REVISED 1962") APPROPRIATE TO THE
RESPECTIVE TELEMETRY SUBSYSTEMS.

q. THIS PER TELEMETRY SUBSYSTEM SHALL

BE CAPADLE OF TRAN_41TTING THE PCM BIT
STREkJ4 REOUIREO FOR REAL-TIME USE VIA
COAXIAL CABLE TO THE CHECKOUT FkCILIW

IN THE MILA PRIOR TO LIFT-OFF AND VIA AN RF
LINK AFTER ADAPTER dETrlSON.

THE TELEMETRY SUB_'STE)4 SHALL BE DESIGNED

TO PROVIDE AN ERROR RATE NOT EXCEEDING OIIE
BIT iN iO_ BITS FOIl POM TB.EMETRY TRANS-
NISSIONS TO THE CSM AS NERSURED FROM LEM
ENCOOERTO C_ RECOROER.

NO WORE THAN ONE CORRECT MESSAGE SHALL BE

REJECTED PER lOCI() CORRECT MESSAGES AND THAT
NO MORE THAH ONE PER iO9 INCORRECT MESSAGES

_ALL BE ACCEPTED.

LEGEND

EQUIPMEHT/FUNCTION

THIS LUNAR

FLIGHT MISSION

REQUIRED REQUIRED

NOT
REQUIRED REQUIRED

HOT
REQUIRED REQUIRED

ROT NOT

REQUIRED REQUIRED

CODING

TkBLE 3. 5 - HA
APOLLO- SACURN 20E
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TABLE3. 5 - 4A

LEM COMMUNICATIONSANDTRACKING REQUIREMENTS

APOLLO-SATURN 206

EQUIPMENT
IMPLEMENTATION

OPERATINGFREQUENCY

SUBSYSTEM TRANSMIT RECEIVE ANTENNA SUBSYSTEM MODULATION CHARACTERISTICS REMARKS

VOICE COMMUNICATIONS

(SEE NOTE I) WITH MSFN U_IFIED S-BABD SYSTEM • SEE TABLE 3.5-qe FOR REQUIREMENTS

Wlll-I MSFN VBF TRANSCEIVER RI

NUMBER
OFUNITS

VHF

VHF TRANSCEIVER f/2 VHF

\ ,,,.,,.=,R=. /0',\../

: ....:.... :r.,. . ,/%,./

UNIFIED S-BANO SYSTEM

WITH MSFN I

csmi
h-i

• UTILIZED FOB VOICE TRANSMISSION SIMULATION DURING R A O
FLIGHT PROGRAM

• SEE "VOICE COMMUNICATIONS WITH CSM"

i • UTILIZED FOR VOICE AND DATA TRANSMISSION DURING R A D
_ i FLIGHT PROGRAM

• BEE "VOICE COMMUN)CATIONS WITH CSM"
m

i_ ;i)i)ii _ I _ DS#¥1X SIMPLEX

iil/i{i:[iiiii:[L i i! DIBAM TtAB 117111111111 IIiI)IWOI)Ei!i!i!II i i / % / i_.... _.-.......\-,-."s,lo_ \'. I / "_IAMR=.,_T _ A''_'=,_.=':L'="" O..L..o_.._,,._,O...._.,
% / _ _ I / %k / _ / | • _CE_lfEI_ _I_iZEO ]B SACK+I;P MoDE FOR $|MPLEX ¥01¢F_ f

%_ _ _HICMiOIS WiTH EYk

,'_ _,ii_ / I \ +BAMT_B,.E+"'. _ i,;' T(C,"_
E'_EIP1¢|TX . :

i iiii : _i' • _. / iii; / !_ MECEIYEB E_ BIO_IE_E_AL _kTk $(MULTMiEO_$LY Wr_l EV_ VOIDE
/ ))/ '_. ._' )_A#_ILYER UTi)L.|ZED))N B_CK_UP HODE F01] _.(14P:L(X VOICE ....

_. ¥.F/_' '""_ /N /'N
V V \ fV\ V \_

• SEE TABLE 35-qB FOR REQUIREMENTS

TELEMETRY
TO MSFN UNIFIED B-BAND SYSTEM • SEE TABLE 3,5-_B FOR REQUIREMENTS

/ / / / /
VHF TELEMETER 225-260 Nc/.... //;..'/
v+==+- // =+,=x..w ,,o// / / / //ONE'/ Z2S-260 Mc TELEMETRY ANTENRk SUB_7

/ / /# / SYSTEM 1 /

VHF TELEMETER
// / ] / /.ONE'/ / 2Z_260 M_ . TELEMETRY ANTENNASU_sYSTEM / /

/ / / / MULTIPLEXED ON VHF R A D
VHF TELEMETER

// / / / //ONE'/ / Z2_260 M,_ SYSTEM, i/ Z
TELEMETRY ANTENNA SUB-

/ / / / / MULTIPLEXED ON VNF R'& O

//VHVEL_TE' I GONE/ / 22:260/ /_¢, TELEMETRY ANTENNASUB-sYSTEM/" / _/_

VHF TRANSCEIVER _2 VHF

VHF TRANSCEIVER _2 VHF

VHF TRANSCEIVER @2

R S D ONNI DIRECTIONAL J
"SUBSYSTEM ON LEM AND _ / /PAM/F_/FM"//, ///.. "///ON ADAPTER / /

/ pAM/F_/FM ////,, ///
/ //" )AM/F'_4)FM // //

, ///
-///

} SEE_,OT E"8////////

; SE'_;OTE_3////////

". CO_STANT"BAND_/IDTH ATEMI/////

[ ¢" ¢ x [,//11
"• BE('NOTEG_"2, I, AND _',.o,O,.T,,T,..,,,..-4°Q'4"/"'//
• UTILIZED FORDATA TRANSMISSION SIMULATIDN DURING R & D PROGRAM

• SEE "VOICE COMMUNICATIONS WITH CSN"

TAPE PLAYBACK ,__ /\

UP.- DATA( SEENOTE6 ) /

////7% MSEN
TRACKING AID

TOMSFN

m dMSFN

ON LUNAR SURFACE

rcx/AM

i _/_

UNIFIED S-BABD SYSTEM

,_R;CE<RI / a/'AN_DUECO_DER/I" dONO ////

UNIFIED S-BAND SYSTEM

P-BAND RADAR TRANSPONDER
/ / J /

• SEE NOTE S

• pCM BIT RATE OF 1.6 KILOBITSISECDNU

• SEE "VOICE COMMUMICATIONS WITH CSM"

RENDEZVOUS RADAR

RENDEZVOUS RADAR

LANDING RADAR

NOTES:

I. THE MINIMUM WORD INTELLIGIBILITY SHALL BE
90_ FOR NORMAL VOICE CONMqJNICATIONS AND

TO_ FOR BACK-UP COMMUNICATIONS AS MEASURED
BY USER PERSONNEL UNDER SIMULATED OPERATING
CONDITIONS UTILIZING THE AMERICAN STANDARD

METHOD FOR MEASUREMENT OF MONOSYLLABIC WORD

INTELLkfilGILITY OATED NAY 25, 1960.

2 THE TELEMETRY SUBSYSTEM SHALL BE DESIGNED

TO PROVIOE AN ERRORRATE NOT EXCEEDING ONE
BIT iN I0 _ BiTS FOR PCN TELEMETRY TRANS
MISSIONS TD STATIONS OF THE MSFN AS MEASURED
FROM LEM ENCOOER TO MSFN DECODER

/ ".C-B_N//

TWO X-BAND

X BAND

ONE X BAND

/ /

• SEE TABLE 3,S-qB FOB REQUIREMENTS

TuELsE)qT_)Y 'I/ENNAI/" P N / / i/ / t/ /,/UTILIZED ONLY "RING R ' D FUGHT PROIRAN

• SEE TABLE 3.5-1B FOR REQUIREMENTS

/ / /OMNI-O I RECTI ONAL
/ ,, ( / .///.,u<y///

PM TRANEMIT
PM RECEIVEDIRECTIONAL

SAMECOUI_GIs OTILiZ[DFOR'BOTH TRANSPONDERS'BUT//

CODIN(G DIFFIRS FR/OMTHAT USED BY C_ AND LAUNCH VEHJC[.E /

• THREE-TONE RANGE CODE AMD CARRIER COHERENT TURN-AROUND

• ACCURACY, {!1 ANGLERANGEVELOCITYI/q%ORIFp'_IE1%ORbis.20feet

Zmr rand_
• ALSO USED FOR TRACKING OF TRACKING kid OR LUNAR SURFACE

X-RAND • SEE "TRACKING OF CSM"

X-GAMe DIRECTIONAL CWANDFM/CWTRABSMIT .ADCURADY: I_ I
VELOCITY #%OR I fps
RANGE I_ OR 5 feet

3 THE TELEMETRY SUBSYSTEMS SHALL BE

COMPATIBLE WITH THE INTER RANGE

INSTRUMEMTkTIOR GROUP STANDARDS (IRiO
DOCUMENT NO 106-60 "TELEMETRY STANDARDS

REVISED 1962") APPROPRIATE TO THE
RESPECTIVE TELEMETRY SUBSYSTEMS

q THIS P04 TELEMETRY SUBSYSTEM SHALL

BE CAPABLE OF TRANSMITTING THE PEN BIT
STREAM REOUIRED FOR REAL-TIME USE VIA
COAXIAL C_BLE TO THE CHECKOUT FkCILI_

IN THE NILA PRIOR TO LIFT OFF AND VIA AN RF

LINK AFTER ADAPTER JETTISON.

THE TELEMETRY SUBSYSTB4 SHALL BE DESIGNED

TO PROVED[ kN ERRORRArE NOT EXCEEDING ONE
BIT IN I0 _ BITS FOR PCM TELEMETRY TRANS-
MISSIONS TD THE CSM kS MEASURED FROM LEM
ENCODERTO CSM RECORDER

NO MORE THAN ONE CORRECT MESSAGE SHALL BE
REJECTED PER moo0 CORRECT MESSAGES ABD THAT

NO MORE THAN ONE PER iO 9 INCORRECT MESSAGES

_IALL DE ACCEPTED

3/1/66
LEGEND

EQUIPMENT/FUNCTION

THIS I LUNAR

FLIGHT MISSION

REQUIRED REQUIRED

NOT

REQUIRED REQUIREU

NOT

REQUIRED

NOT

REQUIRED

CODING

REQUIRED /V

NOT

REQUIREO

TABLE 3, 5 - WA
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APPENDIX 206

TABLE3.7-4

REQUI REDSATURN IB LAUNCHVEHICLECOVERAGE

APOLLO-SATURN206

SE

VHFTELEMETRY

S-IB

S_IVB

IU

TELEVI SION

S-IB BURN S-IVB BURN
END OF S-IVB

BURN

+3 MINUTES

4

COAST IN
EARTH ORBIT

5
S-lve/lu

CHECKOUT IN
EARTH ORBIT

EARTH ORBIT
SPACECRAFT COAST AFTER

SEPARATION SPACECRAFT

SEPARATION

iU
i

COMMAND DESTRUCT

S-IB

S-IVB

UHFUP-DATA

IU

TRACKING

C- BAND

ODOP

AZUSA

Y////;.

I COVERAGE SHALL CONTINUE FOR AT LEAST ONE MINUTE
AFTER THE END OF BURN.

2 CONTINUOUS COVERAGE UNTIL THE PREDICTED IMPACT
POINT OF THE VEHICLE IS OUTSIDE AREAS SPECIFIED
BY RANGE SAFETY.

3 TWO LAUNCH VEHICLE TRANSPONDERS SItALL BE
TRACKED CONTINUOUSLY TO SATISFY RANGE SAFETY

REQUIREMENTS,

THE GAP BETWEEN CONTACTS SHALL BE NO GREATER

THAN I/2 ORBIT. CONTACTS SHALL BE AT LEAST
3 MINUTES LONG.

THIS REQUIREMENT MAY BE SATISFIED DURING AN
ORBITAL CONTACT.

3/I/6i

PARTIAL COVERAGE CONTINUOUS COVERAGE NOT REQUIRED

TABLE 3.7-4

APOLLO-SATURN206
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Apollo Saturn Mission 207

1.0 Scope This appendix to the Apollo Program Specification identi-

fies the performance, design and test requirements which apply

to the Program elements to be utilized for Apollo Saturn Mission 207

(AS-207). These requirements are presented in this appendix as devi-

ations to the requirements specified for equipment in the body of the

specification. Unless otherwise noted, the paragraphs in this appendix

replace in their entirety the identically numbered paragraphs in the body

of the specification.

_1 _ 1_ ch_,_ge. (1)i. 1 _pi_ncabl**ty No .....

1.2 Change Approval No change.

2.0 Applicable Documents No change.

3.0 Requirements

3.1 Performance

3.1.1 Characteristics

3.1.1.1 General Add: To the extent practicable, the spacecraft

used on AS-207 shall be of the same design as the lunar

landing configuration.

3.1.1.2 Mission Performance

3.1.1.2.1 Mission Mode This Apollo test mission shall be performed

primarily in Earth orbit. The spacecraft, which includes a

(1) The phrase "no change" is used after a section heading throughout

this appendix to mean that the requirement in the body of the specification

applies to this mission without change.

Z09-774 O - 66 - 13
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manned CM, SM and a LEM, shall be launched from the Cape Kennedy

launch area (LG 37B) into the desired trajectory by a Saturn IB launch

vehicle consisting of an S-IB first stage, an S-IVB (Saturn IB version)

second stage and an IU (Saturn IB version). After CSM/LEM separation

from the remainder of the space vehicle, the spacecraft propulsion

systems shall be used to maneuver in Earth orbit. After CSM and LEM

maneuvers, involving the LEM manned and unmanned, SM propulsion

will be used to reduce the spacecraft velocity sufficiently for entry.

The SM shall be jettisoned prior to entry of the GM into the Earth's

atmosphere. The CM shall be slowed to a safe landing by aerodynamic

braking and, during the final phase of the landing sequence, by

parachute.

3.1.1.2.2 Mission Command Add: A Mission Control Programmer

shall be provided on board the LEM which, in conjunction

with the LEM guidance computer shall provide LEM commands as neces-

sary for accomplishment of the mission. The Mission Control Programmer

shall be capable, independent of the LEM guidance computer, of receiving

signals from ground-based personnel as a backup.

3.1.1.2.3 Payload The payload for this mission shall be a manned

spacecraft. The objectives of this mission shall include

those identified in Apollo Flight Mission Assignments, M-D MA 500-11.

3.1.1.2.4 Earth Launch Launch capability shall be provided to

permit an initial flight azimuth of 07 2 ° .

3.1.1.2.5 Earth Parking Orbit The capability shall be provided to

place the spacecraft into an elliptical orbit with a nominal

apogee of 107 nm and a nominal perigee of 81 nm. CSM and LEM pro-

pulsion systems shall provide for subsequent Earth orbital maneuvers.
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3.1.1.2.6

3.1.1.2.7

3.1.1.2.8

3.1.1.2.9

Apollo Saturn

Injection Opportunitie s

Lunar Landing Accuracy

Lunar Exploration N/A.

Mission 207

Not Applicable, (N/A), (2)

N/A. See 3.1,1.1 (AS-207).

Earth Landing The normal Earth landing mode shall be on

water. The capability for water and land landing shall be

as specified in 3.5.1.24.

3.1.1.2.10 Recovery No change.

3.1.2 Program Definition No change.

3.1.3 Operability

3.1.3.1 Logistics No change.

3.1.3.2 Safety No change.

3.1.3.3 Reliability

3.1.3.3.1 Equipment Reliability No change except: In Table 3.1-2

add"the success probability for the S-IB stage shall be at

least 0.95." Change Note 1 to "the preflight phase begins with the de-

cision to start countdown for launch and ends with launch".

3.1.3.3.2 Environmental Hazards Change "the lunar landing mission"

to "this mission" and delete reference to the lunar surface.

(2) The phrase "not applicable" is used after a section heading through-

out this appendix to mean that the requirement in the body of the speci-

fication does not apply to this mission.
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3.1.3.3.3

3.1.3.3.4

3.1.3.3.5

Crew Safety No change.

System Design Policy No change.

Reliability Assurance No change.

3.2 Program Standards No change.

3.3 Saturn IB Launch Vehicle

3.3.1 General No change except that the launch vehicle control

weights shall be as specified for AS-207 in Table 10.1-1,

Appendix 10.1.

3.3. i. 1 Payload The launch vehicle shall provide the payload capa-

3.3.1.2

3.3.1.3

3.3.1.4

3.3.1.5

3.3.1.6

3.3.1.7

3.3.1.8

bility specified for AS-207 in Table i0.i-i, Appendix i0.I.

Standby Time No change.

Prelaunch Checkout No change.

In-Flight Performance Evaluation No change.

Emergency Detection Subsystem No change.

Instrumentation No change.

Command Destruct No change.

Electrical Power No change.

3.3.2

3.3.2.1

3.3.2.2

Structure No change.

Prelaunch Environment No change.

Launch and Flight Environment No change.

3.3.3 Propulsion No change.

3.3.4 Launch Vehicle Guidance, Navigation and Control No change.

3.3.5 Saturn IB Launch Vehicle Communications and Tracking No

change.
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3.4 Saturn V Launch Vehicle N/A.

3.5 Spacecraft

3.5.1

10.1.

3-day mission at the design performance levels specified herein.

reference to AV budget.

3.5.1.1 Pre!aunch Environment No change.

3.5.1.2 Prelaunch Checkout No change.

3.5.1.3 In-Flight Performance Evaluation No change.

3.5.1.4 Standby Time The spacecraft shall have the capability to

stand by in a loaded condition, after launch vehicle propel-

lant loading, for l0 hours and still perform the mission.

3.5.1.5 Launch and Flight Environment No change.

3.5.1.6 Earth Orbit Environment No change.

3.5. I.7 Translunar Environment N/A. See 3. I. i. 1 (AS-207).

3.5. I. 8 Transposition The C SM shall be capable of being reposi-

tioned from the launch configuration to the docked configur-

ation within 4.5 hours after insertion. After transposition the spacecraft

shall be capable of being separated from, and avoiding impact with, the

remainder of the space vehicle during subsequent flight maneuvers.

3.5.1.9 One-Man Operation Delete reference to lunar operations.

3.5.1.10

3.5.1.11

3.5.1.12

3.5.1.13

3.5.1.14

General No change except that spacecraft control weights

shall be as specified for AS-207 in Table 10.1-3, Appendix

The spacecraft subsystems shall be capable of accomplishing a

Delete

CSM/LEM Abort No change.

Separation Time No change.

Descent Abort N/A.

Translational Range N/A.

Lunar Environment N/A. See 3.1.1.1 (AS-207).
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3.5.1.15

3.5.1.16

8020.008B.

3.5.1.17

3.5.1.18

3.5.1.19

3.5.1.20

Lunar Landing N/A. See 3.1.1.1 (AS-207).

Lunar Operations The LEM shall be capable of accommo-

dating the temperature of lunar day as given in 5.7 of M-DE

Scientific Equipment Support See 3.5.7 (AS-207).

Sterilization No change.

Launch Platform N/A.

Ascent Stage Operations Using the LEM Ascent Propulsion

Subsystem, the ascent stage shall be capable of separating

from the descent stage during Earth orbit. The ascent stage shall be

capable of operation independent of the descent stage for at least the

time necessary to achieve the objectives specified in 3.1.1.2.3 (AS-207).

3.5.1.21 Rendezvous and Dock Change "lunar" to "Earth".

3.5.1.22 Entry The CM shall be capable of controlled flight through

the Earth's atmosphere (as given in 2.5 of M-DE 8020. 008B)

to a preselected landing area. This shall be possible without exceeding

a 10g deceleration for an Earth orbital entry. The design limit entry load

for all CM systems shall be a 20g deceleration.

3.5ol.23

3.5.1.24

3.5°1.25

3.5.1.26

Aerodynamic Characteristic s

Landing No change.

Postlanding No change.

Recovery No change.

No change.

3.5.2

3.5.2.1

3.5.2.2

3.5.2.2.1

Command and Service Module

Structure No change.

CSM Propulsion

General No change except that

are not applicable.

AV numbers in Table 3.5-i
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3.5.2.2.2

3.5.2.2.3

3.5.2.2.4

3.5.2.3

3.5.2.3.1

3.5.2.3.2

3.5.2.3.3

3.5,2.3.3.1

Command Module Reaction Control Subsystem

Service Module Reaction Control Subsystem

Service Module Propulsion Subsystem

CSM Communications and Tracking

General No change.

Functional Capability No change.

Coverage Capability

CSM-MSFN The CSM Communication and Tracking Sys-

tem shall be able to operate with the MSFN to achieve

No change.

No change.

No change.

the coverage specified in Table 3.7-1 (207) of this appendix.

3.5.2.3.3,2

3.5.2.3.3.3

3.5.2.3.4

CSM-LEM

CSM-EVA

Performance

No change.

No change.

No change except that a C-Band radar

transponder, utilizing an omnidirectional antenna subsystem

and pulse modulation, shall also be carried. Interrogation coding, dif-

feringfromthelaunchvehicleandLEMradartransponders,

utilized.

3.5.2.4

3.5.2.4.1

3.5.2,4.2

3.5.2.4.3

3.5.2.4.4

3.5.2.4.5

3.5.2.4.6

3.5.2.5

shall be

Electrical Power Subsystem

General Change "14 day" to "3 day" and change "during

the translunar and lunar orbit phases" to "while docked. "

Nominal Capacity No change.

Sizing No change.

Water and Oxygen Supply No change.

Pyrotechnic Firing Circuits No change.

Ground Support No change.

Integrated Navigation, Guidance and Control

General No change.

No change.
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3.5.2.5

3.5.2.5

3.5.2.5

3.5.2.5

(a)

(b)

(c)

(d)

(e)

(f)

3.5.2.5

.1.2 No change.

.i.3 No change.

.1.4 No change.

.1.5 The PNGCS shall:

Delete "and lunar landmarks. "

No change.

No change.

Change "lunar" to "Earth. "

Change "S-IC" to "S-IB" and delete "S-If. "

No change.

.2 Accuracy The PNGCS shall be capable of guiding the CM

during entry to a preselected point of parachute deployment

with a 10 nm CEP.

3.5.2.6 Display and Control Subsystem No change.

3.5.2.7 Environmental Control Subsystem No change.

3.5.2.8 Crew Equipment No change.

3.5.3

3.5.3.1

3.5.3.1.1

3.5.3.1.2

3.5.3.1.3

3.5.3.1.4

3.5,3.1.5

3.5.3.1.6

3.5.3.2

3.5.3.2.1

Lunar Excursion Module

Structure

Cabin Space No change.

Windows Delete: and lunar landing.

Ingress and Egress No change except (c) is not applicable.

Docking No change.

Thermal Requirements No change.

EMU Storage No change.

LEM Propulsion

General No change except that AV numbers in Table 3.5-1

are not applicable.
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3.5.3.2.2 LEM Reaction Control Subsystem The LEM RCS shall pro-

vide thrust for translation along three axes and attitude

control about three axes during rendezvous, docking, descent engine and

ascent engine operations. There shall be two separate, redundant sub-

systems. Propellant shall be transferable from the LEM ascent stage

main propellant tanks to the LEM RCS engines.

3.5.3.2.3 LEM Descent Propulsion Subsystem The LEM Descent Pro-

pulsion Subsystem shall provide the propulsion necessary

to support the mission objectives of 3.1.1.2.3 (AS-207).

3.5.3.2.4 LEM Ascent •,_,w_,_-w,_-.... 1_-^_ _-,_y _ L_m_ _ ...... _-,1,_ LEM Ascent Pro-

pulsion Subsystem shall provide the propulsion necessary

to support the mission objectives of 3.1.1.2.3 (AS-207). It shall be

capable of providing the propulsion required to return the LEM ascent

stage to the CSM.

3.5.3.3

3.5.3.3.1

3.5.3.3.2

3.5.3.3.2.1

3.5.3.3.2.2

3.5.3.3.2.3

3.5.3.3.2.4

3.5.3.3.2.5

(a)

(b)

LEM Communications and Tracking

General Add: (e) Up-data reception.

Functional Capability

Voice Communication

Telemetry Add: (e)

postflight analysis.

No change.

Transmit the data required for

Tracking and Tracking Aid Delete (c).

Television Delete "from the lunar surface."

Up-Data The up-data subsystem shall be able to:

Receive data from the MSFN.

Supply up-data verification signals to the MSFN via the LEM

telemetry subsystem.



March i, 1966 207-10

Apollo Saturn Mission 207

3.5.3.3.3 Coverage Capability

3.5.3.3.3.1 LEM-MSFN The LEM Communication and Tracking Sys-

tem shall be able to operate with the MSFN to achieve

the coverage specified in Table 3.7-2 (207) of this appendix.

3.5.3.3.3.2 LEM-CSM No change.

3.5.3.3.3.3 LEM-EVA Delete reference to the lunar surface.

3.5.3.3.3.4 LEM-Lunar Surface N/A.

3.5.3.3.4 Performance The LEM Communication and Tracking System

shall meet the requirements specified in Tables 3.5-4A (207)

and 3.5-4B (207) of this appendix.

3.5.3.4 Electrical Power Subsystem

3.5.3.4.1 General Change 14-day mission to 3-day mission. Change

"during the translunar and lunar orbit phases" to "while

docked." Delete last sentence.

3.5.3.4.2

3.5.3.4.3

3.5.3.4.4

3.5.3.4.5

3.5.3.5

3.5.3.5.1

Sizing Delete: in lunar orbit.

Nominal Capacity No change.

Pyrotechnic Firing Circuits No change.

Ground Support No change.

Integrated Navigation, Guidance and Control System

General Delete last sentence. Add:

The Primary Navigation, Guidance and Control System

(PNGCS) and the Stabilization and Control System (SCS) shall be used in

conjunction with the Mission Control Programmer (MCP) to provide the

LEM with the capability of executing unmanned flight sequences after

LEM separation from the GSM, including stabilization of the LEM for

re-dock with the manned CSM. The MCP and SCS shall also provide LEM

control in the event of PNGCS failure.
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LEM control during unmanned operation of the LEM shall be

provided by the LEM Guidance Computer in conjunction with the MCP.

The guidance computer shall initiate LEM guidance and control functions.

As a backup the MCP shall be able to accept certain discrete ground

commands independent of the PNGCS so as to provide LEM control,

3.5.3.5.1.1 No change,

3.5.3.5.1.2 No change.

3.5.3.5.1.3 No change.

3.5.3.5.1.4 The PNGCS shall:

_j No change.

(b) N/A. See 3.1.1.1 (AS-207).

(c) N/A. See 3.1.1.1 (AS-207).

(d) Delete "both" and "on the lunar surface. "

(e) N/A. See 3.1.1.1 (AS-207).

(f) No change.

(g) No change.

(h) Provide for prelaunch alignment of the PNGCS IMU.

(i) Permit the guidance computer to accept commands and navigation

data from the MSFN via the up-data link.

3.5.3.5.2 Accuracy N/A. See 3.1.1.1 (AS-207).

3.5.3.6 Display and Control (D&C) Subsystem No change.

3.5.3.7 Environmental Control Subsystem No change.

3.5.3.7.1 Extravehicular Operations The LEM ECS shall be designed

to support the extravehicular operations necessary to ac-

complish the mission objectives of 3.1.1.2.3 (AS-207).

3.5.3.7.2 Atmospheric Supply No change.

3.5.3.7.2.1 Atmospheric Control No change.
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3.5.3.7.3 Water Management No change.

3.5.3.7.4 EMU Support The ECS shall incorporate arrangements to

provide intravehicular support for two astronauts in pres-

surized suits for a continuous period consistent with the mission ob-

jectives of 3.1.1.2.3 (AS-207). The design shall be based on an energy

expenditure not exceeding 800 BTU's/man/hour and a Respiration Quotient

of 0.85.

3.5.3.8

3.5.3.8.1

Crew Equipment

General The LEM shall contain the provisions and equip-

ment to protect and sustain the crew for the period neces-

sary to support the mission objectives of 3.1.1.2.3 (AS-207).

3.5.3.8.2 Support and Restraint No change.

3.5.3.8.3

3.5.3.8.4

3.5.3.8.5

3.5.3.8.6

3.5.3.8.7

Illumination No change.

Food and Water No change.

Waste Management Delete: on the lunar surface.

Medical Supplies No change.

Biomedical Instrumentation No change.

3.5.4 Launch Escape System No change.

3.5.5 Adapter No change.

3.5.6

3.5.6.1

3.5.6.2

3.5.6.3

Extravehicular Mobility Unit

General Change "in 3.1.1.2.8" to "of this mission."

Extravehicular Delete "or on the lunar surface" and the ref-

erence to 5.0 of M-DE 8020.008B.

Intravehicular No change.
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3.5.7 Scientific Payload The spacecraft shall be capable of sup-

porting the in-flight experiments identified in Apollo Flight

Mission Assignments, M-D MA 500-11.

3.5.8 Flight Crew Training Equipment No change.

3.6 Launch Area The requirements of this section, which are identi-

fied with LC 37B and the Direct Launch Support Facilities, are

applicable without change. All other requirements of this section are

not applicable.

3.7 Manned Space Flight Network

3.7.1 General No change.

3.7.2

3.7.2.1

3.7.2.2

3.7.2.3

3.7.2.4

(a)

(b)

(c)

(d)

(e)

3.7.2.5

3.7.2.6

Functional Capability

Voice Communications No change.

Telemetry No change.

Tracking No change.

Digital Command Communications The Digital Command

Communications Subsystem (DCCS) shall be able to:

Transmit up-data sequentially to the CSM, LEM and the IU.

No change.

Receive from the telemetry subsystem verification of accurate

receipt of up-data by the CSM, LEM and the IU.

Transmit verification signals received from the CSM, LEM and

the IU to the MCC.

No change.

Television No change.

Display and Control No change.
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Data Processing No change.

Timing No change.

3.7.3 Coverage Capability The MSFN station in the launch area

shall be able to support prelaunch checkout of the space vehicle

on the launch pad.

The MSFN shall provide the coverage capabilities for the:

(a) CSM as specified in Table 3.7-1 (207) of this appendix.

(b) LEM as specified in Table 3.7-2 (207) of this appendix.

(c) N/A.

(d) No change.

3.7.4 Performance No change except the MSFN shall operate with

the space vehicle subsystems as specified in 3.3.5, 3.5.2.3

and 3.5.3.3 of this appendix.

3.8 Mission Control Center No change.

4.0 Quality Assurance No change.



209-774 O - 66 (Face p. 207-L4)

SUBSYSEM

VOICE COMMUNICATIONS

(SEE NOTE I) WITH MSFN

WITH MSFN

WITH MSFN

WITH CSM

WITH CSM

WITH EVA

WITH EVA

KEYING COMMUNICATIONS

TOMSFN

TELEMETRY
TOMSFN

EQUI PMENT
IMPLEMENTATION

APPENDIX 207

TABLE3. 5 - 4A

LEM COMMUNICATIONS AND TRACKING REQUI REMENTS

APOLLO-SATURN 207

U_IFIEU S-BAND SYSTEM

VHF TRANSCEIVER #1

NUMBER
OFUNITS

OPERATING FREQUENCY

ANTENNA SUBSYSTEM MODULATION CHARACTERI STICS REMARKS

• BEE TABLE 3.5-_1i FOIl REQUIREI4ENTS

• UTILIZED FOR VOICE TRANSMISSION SIMULATION DURING R i D
FLIGHT PROGRAM

• SEE _VOICE COMMUNICATIONS WiTH CON"

• UTILIZED FOR VOICE JUIO DATA THANSNISOION DURING i i D

VflF TRANSCEIVER #2 FLIGHT PROGRAM
• SEE "VOICE COMMUNICATIONS WITH CON"

• PRIMARY VOICE COMMUNICATIONS CHANNEL WITH CON VIA SIMPLEX

DSBAM TRANSMIT NODE
VHF TRANSCEIVER _1 ONE ONNI-DIRECTIONAL DSBAM RECEIVE • TRANSMITTER UTILIZED FOR OUPLEXVOICECONMUNICATION$WITHEVA

• TRANSCEIVER UTILIZED IN BACK-UP MODE FOR SIMPLEX VOICE

COI4MUNICATION$ WITH EVA

VHF TRANSCEIVER #2 ORE

TRANSMIT RECEIVE

VHF

VHF VHF

VHF VHF

THF VHF

VHF VHF

VHF VNF

VHF TRANSCEIVER #1

VHF TRANSCEIVER #2

UNIFIED S-BAND SYSTEM

MULTIPLEXED MITH
TRANSCEIVER It

UNIFIED S-BAND SYSTEM

GSBAM TRANSMIT
D_;BkM RECEIVE

R & O ONNI-OIRECTIONAL " /// "_ 'M///SUBSYSTEM GN LEM AND ,,PAM N/F
ON ADAPTER / / /

.NULTIPLEXED ON VHF R & D, //_V_/_..'" "r _" _" xTELEMETRY ANTENNA SUB- PAM/F1M/EM
SYSTEMIc%. X % _ A A _ / \/ V V X

MULTIPLEXED OR VHF R I O // " --///
TELEMETRy ANTENNA SUB- /
SYSTEM / • i /, pAN EM/FM

MULTIPLEXED GN VHF R E U ///(//EM/ ///
TELEMETRY ANTENNA SUB- , EM "

SYSTEM _' _/ • ./

NULTIPLEXEDGRVHFEAD /// /PCN /'////TELEMETRY ANTENNA SUB- /EM
SYSTEM/ / ./ /' /

VHF T_L METE _/ *_

. -":-"-S137///
_0 MSFN • /_F TRIMETER//_/ /it ORS /1 ///

- - " . ""/:F TELEMETEr/ /;/ foN_ /j /925-260 MC ///

VHF TRANSCEIVER /_2 VHF

• BACK-UP VOICE COMMI/NICATIORB CHANNEL WITH CSM VIA SIMPLEX

MODE
• TRANSMITS LEM pCI4/AJN DATA TO CSM
• RECEIVER UTILIZED FOR DUPLEX VOICE COMMUNICATIONS WITH EVA

RECEIVES EVA BIOMEDICAL DATA SIVMLTANEOUSLY WITH EVA VOICE
• TRANSCEIVER UTILIZED IN BACK-UP MODE FOR SIMPLEX VOICE

COMMUNICATI_N_ _IT_ [Y_

• GEE "VOICE COMMUNICATIONS WITH CSM"

• SEE "VOICE CONMUHICATION8 WITH OSM"

• SEE TABLE 3,S-q.B FOR REQUIREMENTS

• SEE TABLE S.S-RB FOR REQUIREMENTS

/_E ";_B "////////

BLZX..x,xxxxx'%
'_SEE _OT/E B "// //// /

e/'CONS(.T OAN.ID/_ ,YSTf_ /// / /

/ if# / / # l" / /" /"

_'SEE ROTES 2, S, AMD ' " / / / / /

• _EDUND/_.NT WITH UNiFiED _DAHU SYSTEN I_ LINB_"

• UTi LIZEU FOB DATA TRANmI$SION SIMULATION DURING R & D PROGRAM

• SEE "VOICE COMMUNICATIONS WITH CSM'

TOCSM VHF TRANSCEIVER _2 VHF PCN/AM

FROMEVA

"I'APE_L_YBACK_V"

TELEVISION
TOMSFN

uP-DA A(SEENOTE ,/
/ / / ,,FROM 
TRACKINGAI O

TOMSFN

ITRACKING

VHF TRANSCEIVER #2 VHF FI41JU4

ONIFIED S-HAllO SYSTEM ._ : " .

G_DER/ / / /; / " UT4ZES_'VNF R_D /HECE,VERAUU O.E ..o, su2YB' "/ // / / / / / ¢/ ii V_ _ TELEMETRY ANTENNA ' K/

UNIFIED S-DANO SYSTEM

.... -.o-. . . .,//// ,,////C-BARD RADAR TRANSPONDER / /_ BAHD/ /...... " / / / / ¢/ORR I_,D I RECI_,IOHA l/ PUL /

Iq4 TRANSMIT

OF CSM RENDEZVOUS RADAR T_ X-BAND X-BAND DIRECTIONAL EM RECEIVE

REHDEZVOUS RkDAN X-DANG X-BAND
LUNARSURFACE

i OF LUNAR SURFACE LAHOIHD RADAR.........

NOTES:

I. THE NIRIkAN( WORD INTELLIGIBILITY SHALL BE
FGR NORMAL VOICE COMVMNICATIOHS ARO

70% FOR BACK-UP COMMUNICATIONS AS MEASURED
BY USER PERSONNEL UNDER SIMULATED OPERATING

CONDITIONS UTILIZING THE AMERICAN STANDARD
METHOD FOR MEASUREMENT OF MONOSYLLABIC WORU

IHTELLIGIBILITY DATED MAY 25. 1960.

2. THE TELENETRY SUBSYSTEM SHALL BE DESIGNED
TO PROVIDE AN ERROR RATE NOT EXCEEDING ONE
BiT IR I0 _ BITS FOR PCM TELEMETRY TRANS-
MISSIONS TG STATIONS GF THE NSFN AS MEASURED
FROH LEM ENCODER TG MSFN DECODER.

• SEE NOTE S

• pCM BIT RATE OF 1,0 KILOHITSISECONO

• SEE "VOICE COI41ORICATIONS MITH COMe

• SEE "VOICE COlelUNICATIONS MITH CON" _*'

X X,X

/ / / / I / ///i
UTILIZED ONLY DURING R i O FLIGHT PRGGRAMi / I / / I _/"il

.,

• SEE TABLE B.B-qB FOR REQUIREMENTS

o'SAME COGINO TB UTIL_IZED SOl BO_H TRANSPOHO[R$ BUT" "
CODING DIFFERS FROM THAT USED BY CEM AND LAUNCH VEHICLE/

• THREE-TONE RANGE COOE AND CARRIER COHERENT TURN-ANOORD

2_r rlndom

• ALSO USED FOR TRACKING OF TRACKING AJD ON LUNAR SURFACE

• SEE "TRACKING OF COM"

.ACCURACY.1:3VELOC,TYRANGE I$ OR B feetONE X-BAND X-BAND DIRECTIONAL CM AND EM/CW TRANSMIT

slilee

THE TELEMETRY SUBSYSTEMS SHALL BE
COMPATIBLE MITH THE INTER RANGE

INSTRUMENTATION GROUP STANDARDS (IRIG
DOCUMENT NO. 106-60 "TELEMETRY S_ANDARDS

REVISED 19B2") APPRUPRIATE TO THE
RESPECTIVE TELEMETRY SUBSYSTEMS,

q. THIS POM TELEMETRY SUBSYSTEM SHALL

BE CAPABLE GF TRANEMITTING THE PCM BIT
STREAM REOHIRED FOR REAL-TIME USE VIA
COAXIAL C_BLE TU THE CHECKOUT FACILITY

IN THE MILk PRIOR TO LIFT-OFF AND VIA AN RF

LINE AFTER ADAPTER JETTISON.

cS. THE TELEMETRY SUBSYSTEM _HALL GE DESIGNED
TG PROVIDE AN ERROR RATE NOT EXCEEDING DUE

BIT IN i06 BITS FOB PCM TELEMETRY TRANS-
MISSIONS TO THE CSM kS MEASURED FROM LOI
ENCODERTO CEM RECORDER.

NO MORE THAN ONE CORRECT MESSAGE SHALL BE
R_ECTEG PER IDUO CORRECT ME.AGES AND THAT

NO MORE THAN GNE PER I0 G INCORRECT MESSAGES

81tALL BE ACCEPTED.

LEGEND

EQUIEMENT/FUNCTIOR

THIS I LUNARFLIGHT MISSION

REQUIRED REQUIRED

NOT

REQUIRED REQUIRED

NOT
REQUIRED REQUIRED

NOT NOT

REQUIRED REQUIRED

CODING

ii

n

NNN
TABLE S. 5 - qA

APOLLO- SATUBR 207



_>,_i _

i

_l

_E

i

t_:t_o 17

i
'_'_ I

I! i ,

fir ' .................

i

i i

1 i

<->=

o

i i i

z z

_°

z

<_ ._,! i _-',

×

g g

i

_I_

E



_m

x_2

.1

£==

. -=i

1

+i

_==

?i

=.

i

I

IiI

+ :

>-

I

I

_ i i-_I
°!+!

. . £_ _ < _

= =+<++

d, "

m_mm

III

209-774 0 - 66 - 14



501-1 March 1, 1966

Apollo Saturn Missions 501 and 502

1.0 Scope This appendix to the Apollo Program Specification identi-

fies the performance, design and test requirements which apply

to the Program elements to be utilized for Apollo Saturn Missions 501

and 502 (AS-501 and AS-502). These requirements are presented in this

appendix as deviations to the requirements specified for equipment for

the lunar landing mission. Unless otherwise noted, the paragraphs in

this appendix replace in their entirety the identically numbered para-

graphs in the body of the specification.

(1)
1.1 Applicability No change.

1.2 Change Approval No change.

2.0 Applicable Documents No change.

3.0 Requirements

3.1 Performance

3.1.1 Characteristics

3.1.1.1 General Add: To the extent practicable, the hardware used

on AS-501 and AS-502 shall be of the same design as that to

be used for the lunar landing mission.

3.1.1.2 Mission Performance

3.1.1.2.1 Mission Mode For these Apollo test missions the Saturn V

launch vehicle, consisting of an S-IC first stage, an S-II

(1) The phrase "no change" is used after a section heading throughout

this appendix to mean that the requirement in the body of the specifica-

tion applies to this mission without change.
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second stage, an S-IVB third stage, and an Instrument Unit (IU) shall

launch the spacecraft, propel it through an Earth parking orbit phase and

then into an elliptical trajectory for achieving the desired entry condi-

tions. The spacecraft, which includes an unmanned Command Module

(CM) and a Service Module (SM), shall utilize the SM for propulsion

after injection into the elliptical trajectory to achieve lunar return entry

conditions. The SM shall be jettisoned prior to entry of the CM into the

Earth's atmosphere. The CM shall be slowed to a safe landing by aero-

dynamic braking and, during the final 3hases of the landing sequence,

by parachute.

3.1.i.2.2 Mission Command A Mission Control Programmer (MCP)

shall be provided on board the CM which, in conjunction

with the CM guidance computer, shall provide all spacecraft commands

necessary for accomplishment of the mission. The MCP shall be capable

of receiving signals from ground-based personnel as a backup. The

MSFN, including ETR stations, shall be used for communications with the

space vehicle and for tracking the space vehicle (those stages of the

launch vehicle and those modules of the spacecraft not jettisoned at the

particular point in the mission).

3. i. i. 2.3 Payload The payload for this mission shall be a space-

craft with a structural test unit in place of the LEM. The

objectives of this mission shall include those identified in Apollo Flight

Mission Assignments, M-D MA 500-11.

3. i. I. 2.4 Earth Launch Launch capability shall be provided to per-

mit an initial flight azimuth of 072 ° .

3. i. i. 2.5 Earth Parking Orbit No change.
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3.1.1.2.6

3.1.1.2,7

3,1.1.2,8

3,1.1.2,9

Injection Opportunities

Lunar Landing Accuracy

Lunar Exploration N/A°

Not Applicable. (N/A)° (2)

N/A,

Earth Landing The normal Earth landing mode shall be on

water, The capability for water and land landing shall be

as specified in 3.5.1.24.

3.1.1.2.10 Recovery Delete reference to crew.

3.1.2 Program Definition No change.

3.1.3 Operability No change except delete reference to crew and

in 3.1.3.3.2 change "the lunar mission" to "this mission" and

delete reference to the lunar surface.

3.2 Program Standards No change.

3.3 Saturn IB Launch Vehicle N/A.

3.4 Saturn V Launch Vehicle

3.4.1 General No change except that the launch vehicle control

weights shall be as specified for AS-501 and for AS-502

in Table 10.1-2, Appendix 10.1.

3.4.1.1 Payload The launch vehicle shall provide the payload capa-

bility specified for AS-501 and for AS-502 in Table 10.1-2,

Appendix 10.1.

(2) The phrase "not applicable" is used after a section heading through-

out this appendix to mean that the requirement in the body of the speci-

fication does not apply to this mission.
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3.4.1.2 Standby Time The launch vehicle shall have the capability

to stand by in a loaded condition with propellant topping for

12 hours and still perform the mission.

3.4.1.3 Prelaunch Checkout No change.

3.4.1.4 In-Flight Performance Evaluation No change.

3.4.1.5 Emergency Detection Subsystem (EDS) AS-501: No change

except that the EDS shall be operated in an open loop mode.

The capability shall be provided to shut down the launch vehicle engines

upon ground command via the spacecraft up-data system. AS-502: No

change.

3.4.1.6 Instrumentation An instrumentation subsystem shall be pro-

vided in the launch vehicle to permit ground personnel to

monitor and evaluate launch vehicle performance.

3.4.1.7 Command Destruct No change.

3.4.1.8 Electrical Power No change.

3.4.1.9 Attitude Control The S-IVB stage in conjunction with the IU

shall be capable of maintaining the space vehicle at commanded

attitudes for 4.5 hours in Earth orbit. In addition, it shall maintain com-

manded attitudes for injection into elliptical trajectory and for space-

craft separation.

3.4.2 Structure No change.

3.4.3 Propulsion No change except J-2 engine vacuum thrust shall

be 200,000± 6,000 pounds in section 3.4.3.2.1.2. Each

F-1 engine shall provide a sea level thrust of 1,500,000+45,- 000 pounds.
U
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3.4.4 Guidance, Navigation and Control

3.4.4.1 General The launch vehicle guidance, navigation and con-

trol system shall provide the guidance, navigation and con-

trol functions which are required for the space vehicle from liftoff through

separation of the spacecraft from the launch vehicle. The principal ele-

ments shall be an inertial measurement unit (IMU), a digital computer

and control electronics. These elements shall be located in the IU.

3.4.4.1.1 No change.

3.4.4.1.2 N/A.

3.4.4.2 Accuracy To be provided.

3.4.5

3.4.5.1

3.4.5.2

3.4.5.2.5

Saturn V Launch Vehicle Communications and Tracking

General Add: (e) Television transmission (on AS-502 only).

Functional Capability Add:

Television The television subsystem on the S-IC stage

of Apollo Saturn 502 shall provide transmission to the CIF

in the launch area during the launch phase.

3.4.5.3 Coverage Capability The Saturn V Communication and Track-

ing System shall be able to operate with the MSFN to achieve

the coverage specified in Table 3.7-3 (501/502) of this appendix.

3.4.5.4 Performance The Saturn V Communication and Tracking

System shall meet the requirements specified in Table 3.4-1

(501/502) of this appendix.

3.5 Spacecraft

3.5.1 General The spacecraft shall be composed of a CM, SM, LES,

Adapter and a structural test unit replacing the LEM. The

spacecraft shall be designed to be mated to a Saturn V launch vehicle.
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Spacecraft control weights shall be as specified for AS-501

and AS-502 in Table 10.1-4, Appendix 10.1.

An instrumentation subsystem shall be provided in the space-

craft which shall permit ground personnel to monitor and evaluate space-

craft performance. The spacecraft shall be capable of utilizing data

from Earth-based tracking and computing facilities in conjunction with

onboard computations.

No equipment or components critical to the completion of the

mission shall be dependent on the cabin atmosphere for electrical insu-

lation or thermal conditioning. Only those materials which do not pre-

sent a fire hazard or emit harmful quantities of atmospheric contaminants

when exposed to an oxygen-enriched, low-pressure environment shall be

used in the pressurized inner structural envelope of the CM.

3.5.1.1 through 3.5.1.3 No change.

3.5.1.4 Standby Time The spacecraft shall have the capability to

stand by in a loaded condition, after launch vehicle pro-

pellant loading, for 10 hours and still perform the mission.

3.5.1.5 Launch and Flight Environment No change.

3.5.1.6 Earth Orbit Environment The spacecraft shall be capable of

operating in the terrestrial space environment as given in

Section 3 of M-DE 8020.008B.

3.5.1.7 through 3.5.1.17 N/A.

3.5.1.18 Sterilization No change.

3.5.1.19 through 3.5.1.21 N/A.

3.5.1.22 Entry The CM shall be capable of controlled flight through

the Earth's atmosphere (as given in 2.5 of M-DE 8020. 008B)

to a preselected impact area having a ground range of 2500 nm from the

entry point (defined as the point at which the vehicle first descends
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through the 400,000 feet altitude level). This shall be possible without

exceeding a 10g deceleration for a nominal inertial entry velocity of

36,300 fps and an equatorial inclination of 40 °. The design limit entry

load for all CM systems shall be a 20g deceleration.

3.5.1.23 Aerodynamic Characteristics No change.

3.5.1.24 Landing No change.

3.5.1.25 Postlanding The CM shall be capable of floating for seven

days under conditions given in 2.8 of M-DE 8020. 008B.

3.5.1.26 Recovery The CM shall be equipped with recovery aids to

assist recovery forces in locating it and in effecting recovery

of the vehicle.

3.5.2

3.5.2.1

3.5.2.1.1

3.5.2.1.2

3.5.2.1.3

3.5.2.1.4

3.5.2.1.5

3.5.2.1.6

Command and Service Module

Structure

Cabin Space N/A. See 3. i. i. 1 (AS-501/502)

Windows N/A. See 3. i. I. 1 (AS-501/502)

Ingress and Egress N/A. See 3.1.i.i (AS-501/502)

Docking N/A.

Thermal Requirements No change.

Extravehicular Mobility Unit (EMU) Storage N/A. See

3.1.i.i (AS-501/502).

CSM Propulsion

General Thrust, specific impulse, minimum impulse and

propellants for CSM propulsion subsystems shall be as

specified in Table 3.5-1 except that SPS thrust shall be 21,500 ± 215

pounds, SPS nominal vacuum specific impulse shall be 311.2 seconds

and SPS minimum vacuum specific impulse shall be 307.6 seconds. The

service life of propulsion subsystems after pre-mission testing shall

allow the engines to be fired for sufficient time to deplete propellants

available when all propellant tanks are loaded to the maximum capacity.
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3.5.2.2.2

3.5.2.2.3

3.5.2.2.4

(a)

(b)

(c)

(d)

(e)

3.5.2.

3.5.2.3.

(a)

(b)

(c)

3.5.2.3.

(a)

(b)

(c)

3.5.2.3.

Command Module Reaction Control Subsystem No change

except delete provisions for dumping unburned propellant.

Service Module Reaction Control Subsystem No change

except delete reference to LEM.

Service Module Propulsion Subsystem The SPS shall pro-

vide thrust for translational maneuvers of the CSM.

GSM Communications and Tracking

General The CSM Communication and Tracking System

shall provide the following capabilities:

Simulated voice communications.

Telemetry transmission.

Tracking aid.

Up-data reception.

Recovery beacon transmission.

3.2 Functional Capability

2.1 Voice Communications A single-frequency tone shall

be used to simulate voice communication from:

The CSM to the MSFN.

The CSM to the launch complex prior to liftoff.

The CM to the recovery forces.

2.2 Telemetry The telemetry subsystem shall be able to:

Transmit operational data from the CSM to the MSFN.

Transmit the data required for postflight analysis.

Operate continuously from liftoff to Earth impact.

2.3 Tracking Aid The tracking aid subsystem shall enable

the MSFN to track the CSM.
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3.5.2.3.

(a)

(b)

2.4 Up-Data The up-data subsystem shall be able to:

Receive data from the MSFN.

Supply up-data verification signals to the MSFN via the CSM

telemetry subsystem•

3.5.2.3.2.5 Television N/A.

3.5.2.3.2.6

3.5.2.3.3

3.5.2.3.3.1

Recovery Beacon No change.

Coverage Capability

CSM-MSFN The Communication and Tracking System

shall be able to operate with the MSFN to achieve the

coverage specified in Table 3.7-I (501/502) of this appendix.

3.5.2.3.3.2

3.5.2.3.3.3

3.5.2.3.4

CSM-LEM

CSM-EVA

Perform anc e

N/A.

N/A.

The CSM Communication and Tracking Sys-

tern shall meet the requirements specified in Table 3.5-2A

(501/502) and Table 3.5-2B (501/502) of this appendix.

3.5.2.4 Electrical Power Subsystem

3.5.2.4.1 General The CSM EPS shall generate and distribute all of

the electrical power required by the CSM during all phases

of the flight plus 48 hours of the postlanding recovery period. Until SM

separation, the source of electrical power shall be fuel cells and bat-

teries. After SM separation, CM power shall be supplied by batteries.

3 5 2 4.2 Nominal Capacity The EPS shall utilize three liquid hydro-
• • • ,

gen and liquid oxygen fuel cells, and shall be capable of

supplying a total of 575 kwh of electrical energy. Each fuel cell shall

be capable of supplying power over a range from 565 watts to 1400 watts.

In addition to the three entry and postlanding batteries, three 40 amp-hr

batteries shall be available to supply extra power required by the mission
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programmer and R&D instrumentation. The EPS shall be capable of re-

charging the entry and postlanding batteries.

3.5.2.4.3 Sizing N/A.

3.5.2.4.4 Water and Oxygen Supply The EPS shall supply water

and oxygen to the ECS.

3.5.2.4.5 and 3.5.2.4.6 No change.

3.5.2.5 Integrated Navigation, Guidance and Control System

3.5.2.5.1 General The navigation, guidance and control system

shall be composed of the CM Primary Navigation, Guidance

and Control System (PNGCS) and the Stabilization and Control System

(SCS) with common usage of some elements.

The Primary Navigation Guidance and Control System

(PNGCS) and the Stabilization and Control System (SCS) shall be used

in conjunction with the Mission Control Programmer (MCP) to provide the

CSM with the capability of executing unmanned Apollo Saturn 501 and

502 flight sequences after CSM separation from the launch vehicle and

for guiding the CM to the designated landing area. The MCP and SCS

shall also provide CSM control as a backup mode of operation.

Spacecraft control during the mission shall be provided by

the Apollo Guidance Computer (AGC) in conjunction with the MCP. As a

backup, the MCP shall be able to accept discrete ground commands

independent of the PNGCS so as to provide spacecraft control.

3.5.2.5. i. 1 The principal elements of the PNGCS shall be an IMU,

a digital computer, an optical subsystem and controls.

3.5.2.5. i. 2 The principal elements of the SCS shall be gyroscopes,

an accelerometer rigidly mounted to the CM structure,

control electronics and controls.
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3.5.2.5.1.3 The PNGCS shall provide means for checkout on the

launch pad utilizing the prelaunch checkout equipment.

3.5.2.5.1.4 The PNGCS shall:

(a) Permit the AGC to accept commands and navigation data from

the MSFN via the up-data link.

(b) Provide means for monitoring the position, velocity and attitude

of the Apollo space vehicle during burns of the S-IC, S-II and

S-IVB stages.

(c) Provide for alignment of the SCS inertial attitude reference

from the PNGCS.

(d) Provide for prelaunch alignment of the PNGCS IMU.

3.5.2.6 Display and Control Subsystem N/A.

3.5.2.7 Environmental Control Subsystem The C SM shall be equipped

with a nonregenerative Environmental Control Subsystem (ECS)

which shall provide a conditioned atmosphere and thermal control for the

pressurized inner structural envelope. The ECS shall also provide

thermal control of equipment where needed.

3.5.2.7.1 Atmospheric Supply The pressurized inner structural envel-

ope shall be supplied with pure oxygen to maintain a partial

pressure of oxygen not less than 180 mm Hg throughout the mission and

not more than 300 mm Hg throughout the mission after the launch phase,

referenced to 70°F dry bulb. The primary source of oxygen shall be the

EPS located in the SM. The ECS shall be capable of maintaining a cabin

pressure of not less than 3.5 psia for at least 15 minutes following a

0.25-inch diameter puncture. This capability shall not be required in the

CM after SM separation. The ECS shall provide stored oxygen in the CM

for use from SM separation to GM touchdown.

3.5.2.7.1.1 Atmospheric Control No change except delete reference

to crew.
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3.5.2.7.2 Water Management In addition to water loaded on board

at launch, the ECS shall receive water from the EPS. Ar-

rangements shall be made for storing collected condensate separately.

3.5.2.7.3 EMU Support N/A.

3.5.2.8 Crew Equipment N/A.

3.5.3 Lunar Excursion Module The requirements of section 3.5.3

in the body of the specification are replaced in entirety by the

following requirement s.

3.5.3.1 LEM Structural Test Unit A LEM structural test unit shall

be provided to approximate the LEM structural effects on the

space vehicle. The following requirements shall be satisfied by the

structural test unit:

(a) It shall utilize the LEM attachment points in the Adapter.

(b) It shall approximate the LEM weight.

(c) It shall approximate the LEM center of gravity.

(d) It shall approximate the LEM moment of inertia.

3.5.3.2 Structural Test Unit Communications and Tracking

3.5.3.2.1 Functional Capability The structural test unit shall be

equipped with a telemetry subsystem to:

(a) Transmit the data required for postflight analysis.

(b) Operate continuously from liftoff through CSM separation.

3.5.3.2.2 Coverage Capability The structural test unit telemetry

subsystem shall be able to operate with the MSFN to

achieve the coverage specified in Table 3.7-1 (501/502) of this appen-

dix.



501-13 March 1, 1966

Apollo Saturn Missions 501 and 502

3.5.3.2.3

table:

Performance The structural test unit telemetry subsystem

shall meet the requirements specified in the following

Equipment

Implementation

VHF Telemeter

VHF Telemeter

VHF Telemeter

Operating

Frequency

225-260 Mc

225-260 Mc

225-260 Mc

Antenna

Subsystem

The output of all

telemeters shall be

multiplexed on a

common omni-

directional antenna.

Modulation

Characteristics

FM

PAM/F M/FM (3)

FM

3.5.4 Launch Escape System

3.5.4.1 The LES shall be capable of removing the CM from a malfunc-

tioning space vehicle without exceeding the structural limit of

the CM/LES. It shall provide terminal conditions for the CM which per-

mit safe entry into the lower atmosphere and deployment of the ELS.

3.5.4.2 The LES shall provide abort capability from before until shortly

after second stage ignition when the LES shall be jettisoned.

The LES shall be capable of separating from the space vehicle during a

normal mission without degrading space vehicle performance.

3.5.5 Adapter No change.

3.5.6 Extravehicular Mobility Unit N/A.

3.5.7 Scientific Payload N/A.

(3) This telemetry subsystem shall be compatible with the Inter Range

Instrumentation Group Standards (IRIG Document No. 106-60, "Telemetry

Standards Revised 1962").
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3.5.8 Flight Crew Training Equipment N/A.

3.6 Launch Area

3.6.1 General No change.

3.6.2 Space Vehicle Checkout Systems No change.

3.6.3 Launch Complexes 34 and 37B N/A.

3.6.4

3.6.4.1

3.6.4.2

3.6.4.3

3.6.4.4

3.6.4.5

3.6.4.6

Launch Complex 39 Delete manned Apollo Saturn V require-

ments.

Vertical Assembly Building .... No change.

Launcher-Umbilical Tower No change.

Crawler Transporter No change.

Launch Pads No change.

Arming Tower No change.

Launch Control Center No change except paragraph (g) is

not applicable.

3.6,5

3.6,5.1

graph(e).

3.6.5.2

3,6.5.3

Direct Launch Support Facilities

Operations and Checkout Building No change except delete

requirement for monitoring astronaut performance in para-

Central Instrumentation Facility Add for AS-502: (f) Receiv-

ing and recording television signals from the S-IC stage.

Central Telephone Office No change.
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3.7 Manned Space Flight Network

3.7.1 General No change.

3.7.2.2

3.7.2.4

3.7.2.5

3.7.2.6

Functional Capability

Voice Communications The voice communication subsystem

shall enable:

(a) Simulated voice communications between the CSM and the MCC.

(b) Duplex, 4-wire voice communications between MSFN stations

and the MCC.

Telemetry The telemetry subsystem shall be able to re-

ceive:

(a) Operational data from the C SM.

(b) Operational data from each stage of the launch vehicle and the

IU simultaneously with (a).

(c) Engineering data from the space vehicle simultaneously with

(a) and (b).

Tracking The tracking subsystem shall be able to:

Track in angle and range the radar transponders in the IU and

C SM during flight.

(b) Track the transponders in the launch vehicle in angle, range

and range rate during the launch phase.

(c) "Skin" track the CM during entry.

(d) Provide sampled tracking data for transmission to the MCC and,

where required for on-site computation.

Digital Command Communications No change.

Television N/A.

Display and Control The LEM reference is not applicable.

209-774 O - 66 - 15
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Data Processing No change.

Timing No change.

3.7.3 Coverage Capability The MSFN station in the launch area

shall be able to support the prelaunch checkout of the space

vehicle on the launch pad.

The MSFN shall provide the coverage capabilities for:

(a) The CSM and structural test unit as specified in Table 3.7-1

(501/502) of this appendix.

(b) The Saturn V launch vehicle as specified in Table 3.7-4 (501/

502) of this appendix.

3.7.4 Performance No change except the MSFN shall operate with the

space vehicle subsystems as specified in 3.4.5, 3.5.2.3. and

3.5.3.2 of this appendix.

3.8 Mission Control Center No change except delete 3.8.1 (d).

4.0 Quality As surance No change.
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APPENDIX 501/.502

TABLE 3. 4- I

SATURN V LAUNCH VEHICLE COMMUNICATIONS AND TRACKING REQUIREMENTS

APOLLO- SATURN 5011.502

STAGE

S-IC

SUBSYSTEM

TELEMETRY

COMMAND DESTRUCT

TRACKING

EQUIPMENT
IMPLEMENTATION

PEM/FM TELEMETER

FM/FM TELEMETER

NUMBER
OF UNITS

ONE

ONE

OPERATING FREQUENCY

TRANSMIT

225-260 Mc

225-260 Nc

RECEIVE

HOO-WSO Mc

ANTENNA SUBSYSTEM MODULATION CHARACTERISTICS REMARKS

• SEE NOTES I, 2 AND 3

OMNI-DIRECTIONAL PCM/FN
•PEM BIT RATE SHALL BE 72 KILOBITS/SECOND

• SEE NOTES I AND q

SEE NOTE 5 FMIFN

• PAM/FM/EM MOGULATIOM UTILIZED DURING R _ D FLIGHT PROGRAM

OMNI-OIRECTIOHAL
• FUIS SYSTEM SHALL _E COMPATIBLE WtTlt RMIGE SAFETY COI_tAND

TRANSMITTERS iNSTALLED AT STATIONS OF THE ETR

S-II

S - IVB

TELEMETRY

TELEVISION TRANSMITTER

PEM/FM TELEMETER I ONE

TWO

RECEIVER AND DECODER TWO

RECEIVER AND DECODER

PCM/FM TELEMETER

225-260 Mc

225-260 Mc

/225-260 Mc

///

225-260 Mc

COMMAND DESTRUCT

TELEMETRY

COMMAND DESTRUCT

INSTRUMENT UNIT
TELEMETRY

UP - DATA

TRACKING AID

PCM/FM TELEMETER

FMIFM TELEMETER

COi_AND AND COMMUNICATION

SYSTEM (CCS)

CCS

UCS

C-BAND

RADAR TRAHSPONDER

AZUSA TRANSPONDER

TWO

ONE

O/)E

HO0- q50 Mc

OMH I- D I R ECT I OffAL

SEE NOTE

OMN I - D I RECT IORAL

DOO-HSO Mc

ONE 225-260 Mc OHNI-DIRECTIONAL

FIXED DIRECTIONAL

S-PAND VARIABLE BEM_qlOTH

225-260 Mc

225-260 Mc

S-BAND

S-BAND

S-BANDS-BAND

ONE

OMN I -D I RECT I ORAL

OMNI-OIRECTIONAL

MULTIPLEXED WITH OUTPUT

OF IU VHF PCM/FM TELEMETEr

ULTIPLEXEO WITH OUTPUT

MULTIPLEXED WITH

OUTPUT OF IU S-BAND

PEMJFM TELEMETER

ONE C-BAND C-BAND OMNI-nlRECTIOHAL

ONE C-BAND C- BAND ONNI-DIRECTIONAL

PCNIEM

EM/FM

PUM/FM

PEM/FM

POM/FM

PCM/PN/PM

PSK/FM/PM

SUBCOOEO S-BIT WORDS

A' I000 BITS/SECOND

ti SEEROTES,,2ANGS

PUN BIT RATE SHALL RE 72 KILOBITS/SECOHD

SE"_ NOTRE; '"AND"_ ......

PAM/FM/FM MODULATION UTILIZED DURING R & D FLIGH_ PROBBAN

• THiS SYSTEM SHALL HE COMPATIBLE WITH RANGE SAFETY COMMMID

TRANSMITTERS INSTALLED AT STATIOHS OF THE ETR

• SEE NOTES I. 2 AND S

• PCM BIT RATE SHALL BE 72 KILORITS/SECONO

/O _E NOJES ,/ARD/_

• PAM/EMJPN MODULATION UTILIZED OURIRG R & O FLIGHT PRO_RAH

• THIS SYSTEM SHALL BE COMPATIBLE WIT:H RANGE .SAFETY COMMAND

TRANSMITTERS INSTALLED AT STATIONS OF THE ETR

• SEE NOTES I, 2 AND 3

• PUN BIT RATE SHALL BE 72 KILOBITS/SECOND

• THE TELEMETRY SHALL CORTAIN ALL S-IVB/IU MISSION CONTROL DATA

• SEE NOTES I AND 2

• PUN BIT RATE SHALL RE 72 KILOBITS/SECOND

• THIS SYSTEM SHALL PROVIDE TELEMETRY TRANSMISSION, UP-DATA

RECEPTION AND TRACKING ASSISTANCE TO THE MSFN

• UTILIZES SM4E OPERATING FREOUENCIES AS THE LEM USB SYSTEM

m SEE NOTE 2

• THE CCS TRANSMITS THE SAME BIT STREAM AS THE S-IVB VIIF

W,MIPM TELEMETER AT A BIT RATE OF 72 KILOBITS/SECOND

• NO MORE THAN ONE CORRECT MESSAGE SHALL IE REJECTED PER

tO00 CORRECT MESSAGES AND NO HORE THAN ONE PER I09

INCORRECT MESSAGES SHALL BE ACCEPTED

"_DTRAN'_EO"_EM'_"_LL"_ T_I_'_ _
2H0:221 TO THE RECEIVED FREOGENCY

• COHERENT TURN-AROUND CARRIER

• COHERENT TURN-AROUND RANGE CODE

PM

PULSE • UTILIZES CODING DIFFERENT FROM C-BAND
RADAR TRANSPONDERS ON SPACECRAFT

3l T'F_

NOTES:

I. THIS TELEMETRY SUBSYSTEM SHALL BE

COMPATIBLE WITH THE INTER RANGE

INSTRUMENTATION GROUP STA_DARDS

(IRIG DOCUMENT NO. I06-G0 "TELEMETRY

STANDARDS REVISED 1962").

2. ALL PUN TELEMETRY SUBSYSTEMS SHALL BE DESIGNED

TO PROVIDE AN ERROR RATE NOT EXCEEDING ONE

IN I06 BiTS FOR TRARSMfSSIONS TO THE MSFN AS

MEASURED FROM LAUHCH VEHICLE ENCODER TO EARTH-

BASED DECG_ER.

3. THIS PCM/FM TELEMETRY SUBSYSTEM SHALL TRANSMIT

THE PCM BIT STREAM REQUIRED FOR REAL-TIME

USE VIA COAXIAL CABLE TO THE CHECKOUT

FACILITY IN THE MILk PRIOR TO LIFT-OFF

AND VIA AN RF LINK PRIOR TO AND AFTER LIFT-OFF•

q. THIS TELEMETRY SUBSYSTEM SHALL TRANSMIT

DATA REOUIREO ONLY FOR POST-MISSION

ANALYSIS VIA AN RF LINK.

UP TO q VHF STAGE TELEMETERS SHALL. BE

MULTIPLEXED ON A COMMON ANTENNA SUB-

SYSTEM. WHEN MORE THAN H VHF STAGE

TELEMETERS ARE CARRIED, k SECOND

OMNI-DIRECTIONAL ANTENNA SUBSYSTEM

SHALL BE PROVIDED•

NOT PRESENTLY SCHEDULED FOR OPERATIONAL

SATURN V LAUNCH VEHICLES. HOWEVER,

PROVISIONS TO CARRY THIS TELEMETER SHALL

BE INCORPORATED ON ALL SArURN V LAUNCH

VEHICLES THROUGH AS-SOB.

LEGEND

E_UIPMENT/FUNCT[ON

THIS LUNAR

FLIGHT I MISSION

REQUIRED RE,GIBED

REOUIREO MOT
• REQUIRED

NOT

REQUIRED

NOT

REQUIRED

CODJNG

Z /

RE(_4JIREONoT ,_

REQUIRED

TABLE 3. 4-I

APOLLO - SATURN 501/502
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SUBSYSEM

VOICE COMMUNICATIONS
(SEENOTE])

WITH MSFN

r
I WITH MSFN

t

I
I WITH LEM

I
L
I WITH EVA

L%L
WITH RECOVERYFORCES

WlIH RECOVERYFORCES

KEYING COMMUNICATIONS"

TOMSFN

TELEMETRY '

TOMSFN

r "_ y_

I FROM LEM

I FROMEVA
ul i

TAPE PLAYBACK
TO MSFN

TELEVISION
TOMSFN

UP-DATA
(SEENOTE6) FROM MSFN

r-/ 77

IFR/OM ,SFN/
TRACKING AID

TOMSFN

7-,7-
,[TmMSFN/
Iz z.. _..,

i TO LEM

BEACON
TORECOVERYFORCES

TO RECOVERYFORCES

TO RECOVERYFORCES

NUMBER
EQUI PMENT OF

IMPLEMENTATION UNITS TRANSMIT

UNIFIED SIBAND SYSTEM

VHF TRANSCEIVER _1 ONE VHF

VHF TRANSCEIVER #2 VNF

VHF TRANSCEIVER It VRF

VHF TRANSCEIVER N2 ONE VHF

VNF TRANSCEIVER #l VHF

VHF TRANSCEIVER _2 VHF

HF TRANSCEIVER ONE H'F

VHF TRANSCEIVER NI VHF

UNIFIED S-BAND SYSTEM

UNIFIED S-BAND SYSTEM

/PEM,EMTELEMETER-/ C
// ////.: / // /

v ")( ,_, X
>_PAMIEMIEM TELEMETERed/ _THO_ _ /22B-2GO No%

,./',z _( X A/X./'_/X/_/X_ X X"
/ / / / ///// " / / /
/PkM/EM/EM TELEMETER / / ]_WE # / 225-260 Nc

/ / ///////// / /

VHF TRA_SCEIVEFI #2

APPENDIX 50]/502

TABLE 3. 5 -2A

CSM COMMUNICATIONS AND TRACKING REQUIREMENT!;

APOLLO-SATURN .501/502

OPERATINGFREQUENCY

RECEIVE

_:ili+

Vl_Fii77

VMF

VHF

i

VNFi:)ii

VHF

VHF

ii

HE

VNF

i

ANTENNASUBSYSTEM

VHF TRANSCEIVE_ #2

,.................

UNIFIED S-HARD SYSTEM

// / / //

PCM/EM TELEMETER/ /
/ / / / /

i_/%/_,<, _ XjX
V _'PEM/FM TELEMETER- /X_

UNIFIED S-BAND SYSTEM

UNIFIED S-BAND SYSTEM

///////
RECEIVER ANt OECODER /

I III I1._

UNIFIED S-HARD SYSTEM

// / / ///
E-BAND RADAR

/I TRARSPORDE.///
* {

TIIAW$1_IIOER i

VHF BEACON

HF TRANSCEIVER

VHF TRANSCEIVER _1

iili_ _;:_ - i

OWNI-D I RECT IORAL

MULTIPLEXED WiTH
TRANSCEIVER _f

.H HI

I,IULTIPLEXEO WITH
TRANSCEIVEN II

ONNI-DI RECTIONAL

MOLTIPLEXED WITH VHF

BEACON ANTENNA AFTER ENTRY

;RAN E,VE:,//

i/k//////
VIII

ii,, illlll ..... :z i i

VeT

///,

"///
¢¢00-q50 Mc

/ / / /

....... i7117i
lie ! /_-IAWO I-Nli i !ii 01111,DIIE_TIONAL

ONE VRF O_III-OIRECTIONAL

HF

VHF HULTIPLEXED WITH VHF
BEACON ANTENNA AFTER EBTRt

MODULA11ONCHARACER ISTICS

D_IEAN TRANSMIT

C.SDJU4RECEIVE

D!;BkM TRAN_gHIT
D!;S_ RECEIVE

OSOAN TRANSMIT
O!;BAM RECEIVE

i illl

AN, CW, SSB

,
/ / ;RZ-.C/SERI_ BIT/STRE_ //

/ /

Fm/_

"//////////////,
X  xN4

/ UTI[IZE_" /// / PSR_ /=,=.;i,"///;,///A
//- II I/I ,U(E/. >'//.////.

FM llECE IVE

PM TRAM_I T

AN

NOTES:

I. THE MINIMUM _)RD INTELLIGIBILITY SHALL

BE 90_ FOR RORMAL VOICE COI44UNICATIONS
AND 70% FOR BACK-UP COMMUNICATIONS AS

MEASURED BY USER PERSONNEL UNDER
SIMULATED OPERATING CONOITiOHS UTi-

LIZING THE AMERICAN STANDARD METHOD
FOR MEASUREMENT OF MONOSYLLABIC MORD

INTELLIGIBILITY DATED MAY 25, 1960.

2. THE TELEMETRY SUBSYSTEM SHALL BE DESIONEO
TO PROVIDE AN ERROR RATE NOT EXCEEDING

ORE BIT IN iOe BITS FOR TRANSMISSIONS TO
THE MSFR AS MEASURED FORM CSM ERCODER TO

MSFN DECODER.

3. THIS TELEMETRY SUBSYSTEM

SHkLL BE COMPATIBLE WITH THE

INTER RAROE INSTRUMENTATION

GROUP STANDARDS (IRIG
DOCUMENT NO. 106-BO, "TEL-
NETRY STANDARDS REVIBED

1962")

q. THE TELEMETRY SUBSYSTEM SHALL BE DESIGNED

TO PROVIDE AN ERROR RATE NOT EXCEEDING ONE
BIT IN I0 _ BITS FOR PCM TELEMETRY TRANS-

MISSION TO THE CEM AS MEASUREU ERON LEM

ENCODER TO THE CSM RECORDER.

G. THIS PCN TELEMETRY SUBSYSTEM SHALL

CAPABLE OF TRANSMITTIN[I THE PON BIT STREAN

REQUIRED FOB REAL-TIME USE ViA COkXIAL
CABLE TO THE CHECKOUT FACILITY IN THE WILA

PRIOR TO LIFT-OFF AND VIA AR RF LINK PRIOR

TO ARD AFTER LIFT-OFF.

6. NO MORE THAN ONE CORRECT MESSAGE SHALL BE
REJECTED PER I0_) CORRECT NESSAGES AND NO
MOHE THAN ONE PER 10_ INCORRECT MESSAGES SMALL

BE ACCEPTED.

REMARKS

• SEE TABLE 3.5-2B FOR REQUIREMENTS

• ALTEHI_LTE WEIR-EARTH VO_CEiRtCATIONS l_H_l_lllEI, VIA
BIMPLEX NODE OF OPERATI]I

• PRIMARY VOICE COMVAJNICAT|OI_$ CHJU4NE_Ill{ LE)I VIA $I_E
MODE OF OPERATION

t PRIMARY TRAWEMITTER FOR_LE! _ICE _l¢lil_! . _:;

WITH EVA ; : i, i::i i:.. '

•ALTERMATE BRC.K-UP FON VQI_ _A_M_NIcATIow$ tlTN _i iiii

SIMPLIR MOlE OF #ERATll • : : :

• ALTERNATE VOICE COMMUWI_ATI!Og8 ER_NFlEL WlTlf RE¢OVE_t :

FORCES ilk SIMPLEX I_0_ O:K O_P_TIIMI

• PROVIDES BEACON I_UE OF OPERMilMI FOil OF AFTER LRI_tlIO
I I II II I I I I II

t UltLIZED FOR VOICE ANU _ll'_ +ek_lIl|$t_

SiMULATIOI _IRIIG I i :D tl.!611i II
IW SEE "VOICE C_NMUNICATII$ Viii LI_4 i

I N_ _ i h , :'"

• SEE "VOICE CORIPJNICATIONS WI_PN Ill"

tl t LL
• BROW-UP VOICE C_MMUNICATt_$ ('MAmIEL |IITH LBd VIA $11ddl'_E)

MODE OF OPERATION

• RECEIVES LEM PO4/kM 0IT&

• PRIMARY RECEIVER FOR OtleL_ VOICE _IIOINIC,ITIONS WITU EYJ

• RECEIVES EVA 810MSDICAL DATA BI_4Jt_kWlE_LY IITH i

VOICE

i ALTERNATE BACK-UP FOR VOICE II¢IIION| x+tTll l_tlk iI:l

SIMPLEX :NODE OF OPERATIONS : . '£':i'" :'

! i rrz i H i L .... i" :ii

SEE "VOICE COMV_tNfCATIOMS Wl_tl ll_FJ__ : :i:: ;-:H:::

• SEE"VOtCEC_t_ICATI_S _ITHL_" ...... _ii::::'

• PROVIDES BEACON NODE OF OPERATION FOR OF AFTER LANOIN_

• He RECOVERY ANTENNA DEPLOYED AFTER LANDING

• SEE "VOICE CONNUNICATIONS WITH NSFN"

• SEE TABLE 3.5-2B FOR REQUIREMENTS

• SEE TABLE 3.G-2B FOR REQUIREMENTS

_TILI_ED F_ VOICE AI_O Ok_k TI]IISN_$$1ON_BIIIUI_TIOII'OIII_IIG,

R i D FLIGHT PROGBAN #_'%/_#VV %'_ _X*

IJSEE "VOICE COMMUNICATIOIIB WITH LEM"%AA/V •
_ _ _ A A A #_ A _ _ A Al

Ililt_; : "' + "_ !_ < " " +

KILOBITS/SECOMD ," # # / ," • /

ALSO PROVIDES PLAYBACK OF _ECOR_ED CSMIPC,M TELEMETRY "

\-'V'-,/-,x/ v" _r _ x, ,< x, X ",K.
• TRANSMITS DATA R£OUIRED ONLY FOR POST-FLIGHT AHALYSIS_

_JEE NOTE V%_,/_,_ _j_ N X X X X X

" /
• TRANSMITS DATA REQUIRED ONLY FOR POST-FLIGHT ANALYSIS/

J,S_HOT_,SII // /// / //
tSEE "VOICE COMMUNICATIONS WITH LEM"

• SEE NOTE _l

OpCM BIT RATE OF t.G RILODITS/SECOND

• SEE *VOICE COMMUNICATIONS WITH LEN"

• SEE TABLE 3.G-2B FOR RE_IREMEMTS

,.:,.,, ,//////,
,TRAREMITSRECDRDEDP_/EM

• SEETARLE_.S-2BFORREQUIREMEMTS

• SEE TABLE 3.5-2B FOR REQUIREMENTS

/ /// / /// ////
• SURCODEO 5-RAT WORDS AT I_ BITSISECORO/ / / /

/ / / / / / ,/ / /// /

• SEE TABLE 3.G-2B FOR REQUIREMENTS

/ / / / / / / / / / / / ,
I UTILIZES CODING DIFEERE.MT ERON LAUNCH _ENICLE AND LE.M

C-H_OR_ARmANSPONDEy"/ I I I I

IVlfREE TOWE RONOE CODE RMD CARHIER C_EREIT TU_AROUIO

uH

IIIVHF RECOVERY kNTERNA DEPLOYED kT MAiN CHUTE DEPLOYMENT
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Apollo Saturn Mission 503

1,0 _ This appendix to the Apollo Program Specification identi-

fies the performance, design and test requirements which apply

to the Program elements to be utilized for Apollo Saturn Mission 503

(AS-503). These requirements are presented in this appendix as devi-

ations to the requirements specified in the body of the specification.

Unless otherwise noted, the paragraphs in this appendix replace in their

entirety the identically numbered paragraphs in the body of the specifica-

tion.

1.1 Applicability No change. _J

1.2 Change Approval No change.

2.0 Applicable Documents No change.

3.0 Requirements

3.1 Performance

3.1.1 Characteristics

3.1.1.1 General Add: To the extent practicable, the hardware used

on AS-503 shall be of the same design as that to be used for

the lunar landing mission.

3.1.1.2 Mission Performance

3.1.1.2.1 Mission Mode For this mission the Saturn V launch vehicle,

consisting of an S-IC first stage, an S-II second stage, an

S-IVB third stage, and an Instrument Unit (IU) shall launch the spacecraft

(1) The phrase "no change" is used after each section heading through-

out this appendix to mean that the requirement in the body of the speci-

fication applies to this mission without change.
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from the Cape Kennedy launch area (LC 39B) and propel it through an

Earth parking orbit phase into an elliptical trajectory. The manned

spacecraft, which includes a CM, SM, and a LEM, shall utilize the

spacecraft propulsion systems for maneuvering after injection into the

elliptical trajectory and for return to a circular Earth parking orbit.

After Earth parking orbit operations, the SPS shall be used to reduce the

spacecraft velocity sufficiently for entry. The SM shall be jettisoned

prior to entry of the CM into the Earth's atmosphere. The CM shall be

slowed to a safe landing by aerodynamic braking and, during the final

phases of the landing sequence, by parachute. This mission shall

simulate, to the greatest practicable degree, the lunar landing mission.

3.1.1.2.2 Mission Command No change.

3.1.1.2.3 Payload The payload for this mission shall include a

manned spacecraft. The objectives of this mission shall

include those identified in Apollo Flight Mission Assignments, M-D

Earth Launch Launch capability shall be provided to per-

mit an initial flight azimuth of 072 ° .

Earth Parking Orbit No change.

Injection Opportunitie s

elliptical. "

Lunar Landing Accuracy

Lunar Exploration

Change "a lunar transfer" to "an

No change.

Not applicable. N/A. (2)

(2) The phrase "not applicable" is used after a section heading through-

out this appendix to mean that the requirement in the body of the speci-

fication does not apply to this mission.
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3.1.1.2.9 Earth Landing The normal Earth landing mode shall be on

water. The capability for water and land landing shall be

as specified in 3.5.1.24.

3.1.1.2.10 Recovery No change.

3.1.2 Program Definition No change.

3.1.3

3.1.3.1

3.1.3.2

3.1.3.3

3.1.3.3.1

3.1.3.3.2

3.1.3.3.3

3.1.3.3.4

3.1.3.3.5

Operability

Logistics No change.

Safety No change.

Reliability

Equipment Reliability No change.

Environmental Hazards Change "the lunar landing mission"

to "this mission" and delete reference to the lunar surface.

Crew Safety No change.

System Design Policy No change.

Reliability Assurance No change.

3.2 Program Standards No change.

3.3 Saturn IB Launch Vehicle N/A.

3.4 Saturn V Launch Vehicle

3.4.1

i0. i.

General No change except the launch vehicle control weights

shall be as specified for AS-503 in Table 10.1-2, Appendix

Payload The launch vehicle shall provide the payload

capability specified for AS-503 in Table 10.1-2, Appendix
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3.4.1.2

12hours

3.4.1.3

3,4.1.4

3.4.1.5

3,4.1.6

3.4.1.7

3.4.1.8

3.4.1.9

Standby Time The launch vehicle shall have the capability

to stand by in a loaded condition with propellant topping for

and still perform the mission.

Prelaunch Checkout No change.

In-Flight Performance Evaluation No change.

Emergency Detection Subsystem (EDS) No change.

Instrumentation No change.

Command Destruct No change.

Electrical Power No change.

Attitude Control Change "translunar" to "elliptical. "

3.4.2 Structure No change.

3.4.3 Propulsion No change except each S-II stage J-2 engine

vacuum thrust shall be 200,000 _- 6,000 pounds. S-IVB J-2

engine vacuum thrust shall be 205,000 _- 6,150 pounds. Each F-1 engine

+45,000
shall provide a sea level thrust of i, 500,000 -0 pounds.

3.4.4 Guidance, Navigation and Control No change except in

3.4.4.1.2 (c)change "translunar" to "elliptical trajectory. "

3.4.5

3.4.5.1

3.4.5.2

3.4.5.2.5

Saturn V Vehicle Communications and Trackinq

General Add: (e) Television transmission.

Functional Capability Add the following paragraph:

Television The television subsystem on the S-IC stage

shall provide television coverage of S-IC/S-II separation

to the Central Instrumentation Facility.
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3.4.5.3 Coverage Capability The Saturn V Communication and Track-

ing System shall be able to operate with the MSFN to achieve

the coverage specified in Table 3.7-3 (503) of this appendix.

3.4.5.4 Performance The Saturn V Communication and Tracking Sys-

tem shall meet the requirements specified in Table 3.4-1

{503} of this appendix. The Command and Communication System (CCS)

in the IU, which operates at the same frequencies as the Unified S-Band

(USB) subsystem in the LEM, shall be capable of being deactivated after

separation of the spacecraft from the launch vehicle. VHF telemeters on

board the launch vehicle shall be inoperative when spacecraft communi-

cations systems utilizing the same frequencies are operated.

3.5 Spacecraft

3.5.1 General No change except that spacecraft control weights

shall be as specified for AS-503 in Table 10.1-4, Appendix

10.1. Delete reference to A V budget.

3.5. i. 1 Prelaunch Environment No change.

3.5.1.2 Prelaunch Checkout No change.

3.5.1.3 In-Flight Performance Evaluation No change.

3.5.1.4 Standby Time The spacecraft shall have the capability to

stand by in a loaded condition, after launch vehicle pro-

pellant loading, for i0 hours and stillperform the mission.

3.5.1.5 Launch and Fliqht Environment No change.

3.5.1.6

3.5.1.7

3.5.1.8

3.5.1.9

3.5.1.10

Earth Orbit Environment No change.

Translunar Environment N/A. See 3.1.1.1 (AS-503).

Transposition No change.

One-Man Operation Delete reference to lunar operations.

CSM/LEM Abort No change.
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3.5.1.

3.5.1.

3.5.1.

3.5.1.

3.5.1.

3.5.1.

11 Separation Time No change.

12 Descent Abort N/A.

13 Translational Range N/A.

14 Lunar Environment N/A. See 3.1.1.1 (AS-503).

15 Lunar Landing N/A. See 3.1.1.1 (AS-503).

16 Lunar Operations The LEM shall be capable of accommodating

the temperature of lunar day as given in 5.7 of M-DE

8020. 008B.

3.5.1.17

3.5.1.18

3.5.1.19

3.5.1.20

Scientific Equipment Support See 3.5.7 (AS-503).

Sterilization No change.

Launch Platform N/A.

Ascent Stage Operations Using the LEM Ascent Propulsion

Subsystem, the ascent stage shall be capable of separating

from the descent stage. The ascent stage shall be capable of operation

independent of the descent stage for at least the time necessary to

achieve the objectives specified in 3.1.1.2.3 (AS-503).

3.5.1.21 Rendezvous and Dock Change "lunar" to "Earth. "

3.5.1.22 Entry The CM shall be capable of controlled flight through

the Earth's atmosphere (as given in 2.5 of M-DE 8020.008B)to

a preselected water landing area. This shall be possible without ex-

ceeding a 10g deceleration for an Earth orbital entry. The design limit

entry load for all CM systems shall be a 20g deceleration.

3.5.1.23

3.5.1.24

3.5.1.25

3.5.1.26

Aerodynamic Characteri stic s

Landing No change.

Postlanding No change.

Recovery No change.

No change.
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3.5.2

3.5.2.1

3.5.2.2

3.5.2.2.1

Command and Service Modules

Structure No change.

CSM Propulsion

General No change except that

are not applicable.

3.5.2.2.2

3.5.2.2.3

3.5.2.2.4

3.5.2.3

3.5.2.3.1

3.5.2.3.2

3.5.2.3.3

3.5.2.3.3.1

AV numbers in Table 3.5-1

Command Module Reaction Control Subsyst#m No change.

Service Module Reaction Control Subsystem No change.

Service Module Propulsion Subsystem No change.

CSM Communications and Tracking

General No change.

Functional Capability No change.

Coverage Capability

CSM-MSFN The CSM Communication and Tracking

System shall be able to operate with the MSFN to achieve

the coverage specified in Table 3.7-1 (503) of this appendix.

3.5.2.3.3.2

3.5.2.3.3.3

3.5.2.3.4

CSM-LEM

C SM-EVA

Performance

No change.

No change.

No change except that a C-Band Radar Trans-

ponder, utilizing an omni-directional antenna subsystem and

pulse modulation shall also be carried. Interrogation coding differing

from the launch vehicle and LEM radar transponders shall be utilized.

3.5.2.4.2

3.5.2.4.3

3.5.2.4.4

3.5.2.4.5

3.5.2.4.6

Electrical Power Subsystem

General Change "during translunar and lunar orbit phases"

to "while docked. "

Nominal Capacity

Sizing No change.

Water and Oxygen Supply

Pyrotechnic Firing Circuit

Ground Support

No change.

No change.

No change.

No change.
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3.5.2.5

3.5.2.5.1

3.5.2.5.1.1

3.5.2.5.1.2

3.5.2.5.1.3

3.5.2.5.1.4

3.5.2.5.1.5

(a)

(b)

(c)

(d)

(e)

(f)

3.5.2.5.2

3.5.2.6

3.5.2.7

3.5.2.8

3.5.3

3.5.3.1

3.5.3.1.1

3.5.3.1.2

3.5.3.1.3

3.5.3.1.4

3.5.3.1.5

3.5.3.1.6

3.5.3.2

3.5.3.2.1

Apollo Saturn Mission 503

Integrated Navigation, Guidance and Control System

General No change.

No change.

No change.

No change.

No change

The PNGCS shall:

Delete "and lunar landmarks. "

No change.

No change.

Change "lunar" to "Earth. "

No change.

No change.

Accuracy No change.

Display and Control Subsystem No change.

Environmental Control Subsystem

Crew Equipment No change.

No change.

Lunar Excursion Module

Structure

Cabin Space No change.

Windows Delete "and lunar landing. "

Ingress and Egress Delete (c).

Docking No change.

Thermal Requirements No change.

EMU Storage No change.

LEM Propulsion

General No change except that AV numbers in Table 3.5-1

are not applicable.
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3.5.3.2.2 LEM Reaction Control Subsystem The LEM RCS shall pro-

vide thrust for translation along three axes and attitude

control about three axes during rendezvous, docking, descent engine and

ascent engine operations. There shall be two separate, redundant sub-

systems. Propellant shall be transferable from the LEM ascent stage

main propellant tanks to the LEM RCS engines during flight.

3.5.3.2.3 LEM Descent Propulsion Subsystem The LEM Descent Pro-

pulsion Subsystem shall provide the propulsion and pro-

pulsion control necessary to support the mission objectives of 3.1.1.2.3

(AS-503).

3.5.3.2.4 LEM Ascent Propulsion Subsystem The LEM Ascent Propul-

sion Subsystem shall provide the propulsion necessary to

support the mission objectives of 3.1.1.2.3 (AS-503). It shall be capable

of providing the propulsion required to return the LEM ascent stage to the

CSM.

3.5.3.3

3.5.3.3.1

3.5.3.3.2

3.5.3.3.2.1

3.5.3.3.2.2

3.5.3.3.

3.5.3.3.

3.5.3.3.

(a)

(b)

LEM Communications and Tracking

General Add: (e) Up-data reception.

Functional Capability

Voice Communication No change.

Telemetry Add: (e) Transmit the data required for post-

flight analysis.

2.3 Tracking and Tracking Aid Delete (c).

2.4 Television Delete "from the lunar surface. "

2.5 Up-Data The up-data subsystem shall be able to:

Receive data from the MSFN.

Supply up-data verification signals to the MSFN via the LEM

telemetry subsystem.
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3.5.3.3.3 Coverage Capability

3.5.3.3.3.1 LEM-MSFN The LEM Communication and Tracking Sys-

tem shall be able to operate with the MSFN to achieve

the coverage specified in Table 3.7-2 (503) of this appendix.

3.5.3.3.3.2 LEM-CSM No change.

3.5.3.3.3.3 LEM-EVA Delete reference to the lunar surface.

3.5.3.3.3.4 LEM-Lunar Surface N/A.

3.5.3.3.4 Performance The LEM Communication and Tracking System

shall meet the requirements specified in Tables 3.5-4A

(503) and 3.5-4B (503) of this appendix.

3.5.3.4.2

3.5.3.4.3

3.5.3.4.4

3.5.3.4.5

3.5.3.5

3.5.3.5.1

3.5.3.5.

3.5.3.5.

3.5.3.5.

3.5.3.5.

(a)

(b)

(c)

(d)

Electrical Power Subsystem

General Change "during the translunar and lunar orbit

phases" to "while docked. " Delete the last sentence.

Sizing Delete: "in lunar orbit. "

Nominal Capacity No change.

Pyrotechnic Firing Circuits No change.

Ground Support No change.

Integrated Navigation, Guidance and Control System

General No change except in the last paragraph, change

"lunar parking orbit" to "the CSM. "

i. 1 No change.

i. 2 No change.

i.3 No change.

1.4 The PNGCS shall:

No change.

N/A.

N/A.

Delete reference to the lunar surface.
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(e)

(f)

(g)

(h)

3.5.3.5.2

3.5.3.6

3.5.3.7

3.5.3.7.1

3.5.3.7.2

3.5.3.7.3

3.5.3.7.4

3.5,3.8

N/A.

No change.

No change.

Provide for prelaunch alignment of the PNGCS IMU.

Accuracy N/A. See 3.1.1.! (AS-503).

Display and Control (D&C) Subsystem No change.

Environmental Control Subsystem No change.

Extravehicular Operations No change.

Atmospheric Supply No change.

Water Management No change.

EMU Support Change "requirements of 3.5.1.20" to

"mission objectives of 3.1.1.2.3 (AS-503). "

Crew Equipment No change.

3.5.4 Launch Escape System No change.

3.5.5 Adapter No change.

3.5.6

3.5.6.1

3.5.6.2

3.5.6.3

Extravehicular Mobility Unit

General Change "in 3.1.1.2.8" to "of this mission. "

Extravehicular Delete "or on the lunar surface" and the

reference to 5.0 of M-DE 8020.008B.

Intravehicular No change.

3.5.7 Scientific Payload The spacecraft shall be capable of support-

ing the in-flight experiments identified in Apollo Flight Mission

Assignments, M-D MA500-11.

3.5.8 Flight Crew Training Equipment No change.

Z09- 774 0 - 66 - 16



March 1, 1966 503-12

Apollo Saturn Mission 503

3.6 Launch Area

3.6.1 General No change.

3.6.2 Space Vehicle Checkout Systems No change.

3.6.3 Launch Complexes 34 and 37B N/A.

3.6.4 Launch Complex 39 No change.

3.6.5

3.6.5.1

3.6.5.2

3.6.5.3

Direct Launch Support Facilities

Operations and Checkout Building No change.

Central Instrumentation Facility Add: (f) Receiving and re-

cording television signals from the S-IC stage.

Central Telephone Office No change.

3.7 Manned Space Flight Network

3.7.1 General No change.

3.7.2

3.7.2.1

3.7.2.2

3.7.2.3

3.7.2.4

(a)

(b)

(c)

Functional Capability

Voice Communications No change.

Telemetry No change.

Tracking No change.

Digital Command Communications The Digital Command

Communications Subsystem (DCCS) shall be able to:

Transmit up-data sequentially to the CSM, LEM and the IU.

No change.

Receive from the telemetry subsystem verification of accurate

receipt of up-data at the CSM, LEM and the IU.
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(d)

(e)

3.7.2.5

3.7,2.6

3.7.2.7

3.7.2.8

Transmit verification signals received from the CSM, LEM and

the IU to the MCC.

No change.

Television No change.

Display and Control No change.

Data Processing No change.

Timing No change.

3.7.3 Coverage Capability The MSFN station in the launch area shall

be able to support the prelaunch checkout of +_L,I_space --^_:_v_,i_,l__

on the launch pad.

The MSFN shall provide the coverage capabilities for:

(a) CSM as specified in Table 3.7-1 (503) of this appendix.

(b) LEM as specified in Table 3.7-2 (503) of this appendix.

(c) Saturn V launch vehicle as specified in Table 3.7-3 (503) of this

appendix.

3.7.4 Performance No change except the MSFN shall operate with the

space vehicle subsystems as specified in 3.4.5, 3.5.2.3 and

3.5.3.3 of this appendix.

3.8 Mission Control Center No change.

4.0 Quality Assurance No change.
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APPENDIX503
TABLE3. 4- I

SATURNV LAUNCHVEHICLECOMMUNICATIONSANDTRACKINGREQUIREMENTS
APOLLO-SATURN503

STAGE

SUBSYSTEM

S-IC
TELEMETRY

COMMANDDESmUCT

TRACKING

/ -

S-II
TELEMETRY

COMMAND DESTRUCT

S - IVB
TELEMETRY

COMMANDDESTRUCT

INSTRUMENTUNIT
TELEMETRY

UP- DATA

TRACKINGAID

EQUIPMENT
IMPLEMENTATION

Kxlm TELEX[TEl

EMIEM TELDIHTED

//L /
/'/mlmlm TEI.WIETEI /

// . / ,r //
/ . S$1FM TELEMETEII/

t t t 4 " / "

RECEIVED MID DECODED

O_PTR_S_HO_

NUMBER
OFUNITS

ONE

ONE

//;...'/
TWO

OiIE

OPERATINGFREQUENCY

TRANSMIT RECEIVE

225-2_ Mc

22G-2BO Me

; ,_,<."////
ilO0-11_ 14c

UHF UMF

ANTENNASUBSYSTEM

OVil I -DI RECTI OMRL

SEE ROTE S

"/ i ///
/..,.NOT.[ S/ /

OII-D..CT,ONAL

FINED DIRECTIONAL

MODULATIONCHARACTERISTICS

POM/_

FWI_

i///,_.r_///
"///i'.,,,,_//_

/ / / / / /,ELEV,,,ON...,...,/7"_ _';:",,, , , , . ..,"//S Ill�I., Vll/_"lllli
pCMIFN TELEMETER ONE 22S-260 Mc ONHI-DIRECTIONAL PEN/F14

EMIFM TELEMETER TWO 22S-iDO Mc SEE NOTE S FM/EM

i " " " ". _/o_9" " ". /////;, ". "/////,., _,"////,Pl/_/_ TELEMETER E 22_260 Me NOTE S _/
d' _' P # " / / -

RECEIVER AND DECOOER llO qO0-lSO M¢ ONNI-RIDECTIONAL

PEM/FM TELEMETER ONE Z25-2DO Mc ONDI-DIRECTIONAL Pe.J4IEM

f / f l f ,_/ _ l_ / / /225.2&OMc I _ _ // "f /i. EMIEM,,LEMETED'/ I I I . s_,o}s/.,,,,,,,, o;, //,,,/,,,,, i//..'/ ::,,.y///
- . - .., ,:,._o...,/////,),,,o.,,;..I/. "."- '-,-," "<"--- V._'/. " "�l/A"' _"",,"///

////// i / i

RECEIVER AHD DECONEll _ BOO-RED Mc EMRI-DIRECTIORAL

PEMIFI4 TELEMETER ONE 22S-260 Mc ONqI-DIRECTIONAL pCNIFM

FIXED DiRECTiONAL
I_MIFN TELEMETER ONE D-BAND VADIANLE eEAWIDIN eCMIEM

FM/FM TELEMETER ONE 225.-260 Mc MULTIPLEXED MIIN OUTPUT
OF IU THF POM/FM TELEMETER I"M/FM

r in ,,- n i n / iI_ - - - -' / I)_.o_, .LT,,:,,,:.,,¢.;_," " " ,"-" -"-",..,,,,..,,.,._,/ "/.._ ////o,.u,.,,.,,..,.., "///. ,_,.,..ii i.
,/;s,_,,',,EMET',,V/I, ON,//;,,_,--y"//// ,_<;;',_:;_J;:T_;m,''////, S';;l///,,

MULTIPLEXED WIIN
COMMANDAND COlllIMICATION ONE _BAND OUTPOT OF IU S-BAND PQN/PM/PM

SVSTEM (CCS) POM/FM TELEMETER

eSKI_I_

COS S-NANR SUDCODED S-BIT MORES

AT IOQO BITS/SECOND

CCS S-BAND S-SAND PM

C-RAND
RkDAN INAilSPONDER ONE C-RAND C-BAND ONDI-rIIRECTIONAL PULSE

RZUSA TRANSPONDER ONE C-BAND C-BAND ONDI -DIRECTIONAL FM

REMARKS

• DEE NOTES I, 2 AND S

i e _ BIT RATE SHALL DE 72 KILODITS/SECOND

• SEE NOTES I AND D

• PANIFM/FM MODIJLATION UTILIZER DURION I l D FLIGHT PNOUOAM

,_,No_..'AND-,///... ",////////.
_'/;EE _rE W////////

• THIS SYSTEM SHALL DE COMPATIRLE WIIN RAMDE SAFETY CONIMN8

TRANSMITTERS INSTALLED AT STATIONS OF TNE ETR

/////////////
• SEE NOTES I, 2 AND R

• POM BIT RATE SHALL BE 72 RILUOITS/SECO"D

• SEE ROTES I ANU q

• pAM/EM/FN NOOULATION UTILIZED OUDINO E | D FLIOHT PlOonili

/ / /..,,,ROTES.AN"////////.
,.,.,,o,',,//////////

• THIS SYSTEM SHALL DE COMPATIDLE WITU RON_E SAFETy COMMAND
TRANEMITTERS INSTALLED AT STATIONS OF TNI[ ETD

• SEE ROTES I, 2 AND $

• Pad NIT RATE SHALL SE 72 KILODITSISECO_ID

/_ DoS''/'T"////// //.,
• PAN/EM/FM MODULATION UTILIZEO OURINU I i 0 FLIGHT PNO_ENM i

• / / / _" // // /// / #

. SEE NOTES, ANDY" ////////

" t f{ // / // / f £ f

4,,no,://////////_
O#THIS SYSTEM 8HALL |E COMPATIBLE MIIN RAMOE SAFETY COMMAND

TRANEMITTERS INSTALLED AT STATIONS OF Tile

• SEE NOTES I, 2 AND $

• POM SIT DATE SHALL lie T2 KILONITS/SECONO

• IRE TELEM[TDVSNALL CONTAIN ALL D-IVI/lU NISEIODCONTDOLDATJ
E

• SEE DOTES I AND 2

• PON lIT PATE ONALL U[ 72 KILOUITOIE[_OUU

• SEE NOTES I MID D

n / _1 n n

_•2EEyTE_,"'.. ////////;

• THIS SYSTEM SHALL PROVIDE TELEMETRY INADIDISSION, UP-DATA
RECEPTION AND TRACKING ASSISTANCE TO THE M_FN

• UTILIZES SANE OPERATING FREOUEDCIES AS THE LBI USD SVSTEM

• SEE NOTE 2

• THE CCS INAN_J4ITS THE SAME 8IT STREAM AS THE S-IVR VflF
1_"I4/EMTELEMETER AT A BiT RATE OF 72 RILODITS/SECONO

• BO MURE THAN ONE CORRECT MESSAGE SHALL DE REJECTED PER
I000 CORRECT MESSAGES AND NO MURE THAN ONE PER IO N

INCORRECT MESSADES SHALL De ACCEPTED

2NO:2ZI TO IRE DECEIVED FRECOENCY

:CONEREWTTUAN-ANONDDCANDLER
_OHEREHT TU_H-ANOURD RANgf _O[

• UTILIZES CODING DIFFERENT FROM C-RAND
RADAR TRANSPONDERS ON SPACECDAFT

s/l/ae

NOTES:

1. THIS TELEMETRY SUBSYSTEM SllALL BE

COMPATINLE WITH THE INTER DANOE
INSTNUMEHTATION DROUP STANDARDS

(IRiD DOCUMUHT DO. ION-CO "TELEMETHT
STANDARDS REVISED IDG2").

ALL PCM TELEMETRY SUBSYSTEMS SHALL SE DESIGNED

TO PROVIDE AN ERROR SATE NOT EXCEEDING ONE
IN IU I DIT$ FOR TRANSMISSIONS TO THE MSFN AS

MEASURED FROM LAUNCH VEHICLE EDCODER TO EARIN-

BASED DECODER,

THIS PCM/FMTELEMETRY SUBSYSTEM SHALL INADEMIT

THE POM DIT 8INEAM REQUIRED FOR REAL-TIME
USE VIA COAXIAL CAKE TO THE CHECKOUT

FACILITY IR THE MILA PRIOR TO LIFT-OFF
AIRO ViA AIM RF LINK POION TO AND AFTER LIFT-OFF.

THIS TELEMETRY SD_$YRTEM SHALL TNANSMIT

DATA REQUIRED ONLY FOR POST-MISSION
ANALYSIS VIA AN RF LIND.

S. UP TO D VNF STARE TELEMETERS SHALL DE

MULTIPLEXED ON A COII4ON ANTENNA SUD-

SYSTEM. M4EM MODE THAN q VflF $TJDE

TELEMETERS ARE CARRIED, A SECOND
Oil-DIRECTIONAL ANTEMllA SUOSYSTEM

SHALL SE PROVIDED,

6. NOT PRESENTLY SCHEDULED FOG OPERATIONAL
SATURN V LAONCH VEHICLES. NOI_EVER,

PROVISIONS TO CARRY THIS TELI_ETER SHALL

BE INCORPODATED ON ALL SATURN V LAUNCH

VEHICLES THROUGH AS-506.

LEDENO

E_4JI PMUHT/FUNCT iON

THIS
FLIGHT

REQUIRED

REQUIRED

NOT

REI_JI RED

NOT

REQUIRED

CODIMU

LUNAR
MISSION

RE_J I RED

NOTg/////////////_DEQU I liED

RE_IJIRCO

DE_#IDED

TABLE3. 4- 1

APOLLO-SATURN503
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APPENDIX 503
TABLE3. 5-4A

LEM COMMUNICATIONSAND TRACKING REQUIREMENTS

APOLLO-SATURN503

SUBSYSTEM

VOICE COMMUNICATIONS
(SEENOTEI) WITH MSFN

WITH MSFN

WITH MSFN

WITH CSM

WITHCSM

WITHEVA

WITHEVA

KEYINGCOMMUNICATIONS

TOMSFN

TELEMETRY
TO MSFN

-7-
TO MFSN'

| TO MSFN

_-/-

TO MSFN

TO CSM

FROM EVA

TAi_EI_.LA'YBACfl'_._ _ ,,

__,_,O_.FN_
1T.LE'VI S ION

TO MSFN

EQUIPMENT
IMPLEMENTATION

_IlFIED S-DANG SYSTEM

VNF TRANSCEIVER Jl

VNF TRANSCEIVER O2

VHF TRAN_EIVER _1

VHF TRANSCEIVER f2

VHF TRANSCEIVER II

VNF TRANSCEIVER P2

UNIFIED S-RAND SYSTEM

UNIFIED $-MANO SYSTEM

NUMBER
OF UNITS

ONE

ONE

OPERATING FREQUENCY

TRANSMIT RECEIVE

VHF

ENF VUF

VIIF VIIF

YlIF VNF

VIIF VHF

ENF YflF

ANI_NNASUBSYSTEM

ONGIoGIRECTIOIIAL

MULTIPLEXED VlTH

TDANSCEIVUN 01

MODULATIONCHARACTERISTICS

DlIMi TRANONIT

DEDAB RECEIVE

IIANEM THANEMIT
OANMi RECEIVE

_" VNF T'(LEMETE"R f

 ENETEL.TEN> © ,....
"X/"_VN''TELEM_'TEE_ > "_._/\ ^ EEG.O""¢"

• / VHE"TELEME'_'EN/ /" // . ., ., / /_e / Ez6-_o_
• / / • - -,.., ., ., ., .%'%

YNF TRANSCEIVER R2 UNF

VNF TRANSCEIVER 12

VHF TRANSCEIVER f2

UNF

///

///
///

.'"-,-o,-*'.--///; r.; ///SNDRYSTEN ON LEM AND/ M4 EM_"
, oq ADAPTER / / /

.LT,..REDONU--R.D.,TELEMETRY ANTENNA SU&- EM
,SYSTEM_ J%J %

TELEMETRYANT|,MA_,- ;. _,
;SYSTEM. _ ..,_

MULTIPLEXED ON ENF , i D ///_'/ EM/pl_G //
TELEMETRY ANTENNA SUB-
JYSTEM / / /

UULTIPLEXEN ON VHE R | D ///," " . ///
TELEMETRYENTENR,_,-
SYETB4 / i /_I; -/

_IIF

vo01AN

_I_

ONIFIno I-BAND SYETEN

REMARKS

• In TABLE U,6-VO FM i_l_l_l

• UTILIZED FOIl _1_ TRAN_InolON II_TIN MIIM l & I
FLlluT I

• DEE'*VOICE i!CATIONG IITD Oi =

• UTILIZED FM VOICE MG DATA _M_IIIION _ll E | |
FLIIUT I

• ul _ICE CUNOINUCETIABR II_ OIl _

• DOll VOI_ II_TIMI I_ ill DIN VIA lll_
I

• TII_ UTILIZED FOIl N_VOICEIICATIEII_B_

• TIIUD _ILI_ IN l_l# I FIN I1_ iOI_

• I_HP VOIOE Ile_TIONI ONIL Itl I VIA IIJ ll
IIINI

• T_I_ LIN _1_ _TA 11 I
• I|_IIED _ILIZB PN _X YOl_ II_TIONI il_ BA
• I_lV II gA II1_1¢_ DATA IIITANJ¥ Ill _A VOI el

--e-'*-t.m-a---m.ICATIONlill _A i

• SEE _OicE _iMUIICUTIUiI$ IITII ¢111'

• SEE *VOICE IICATIMS Vl_ O_

• CE[ TANLE I,_AN FM I_l_l_l

• SEE TABLE U._VO FH I_l|i_l

• ,._E,'// /////
., / / / / / / / ,/ /

SHEaR'E, u,/ANoi" / ////

• UTILIZED FOR _TA _EMISIION SIMULATION _ ICE l & O _l

• RED "VOICE ONI44GilCATlIN$ II_ i"

• lee NOTE S

• IDOl liT PATE OF I.l KILnolTRISECMO

• SEE "VOICE COllnolOGTInoG WITH CON"

• SEE *VOICE ONIODICATIMS WITH OIl*

• m TABLE UJ-li HI II1_ I : .. ,,._,:,: :'!_i_.::'::._"_

UP -'DATA( SEE _'6 J / /

/ /'// FROMMSFN

//// / /

TRACKING AID

TO MSFN

r--/-- -_

_,TO MSFN

TRACKING

OF CSM

C R /diD DECODER lie q / TELEMETRY AlrrENOA/ '

/SUBSYSTEM . / • UTILIZED ONLY ONHINO I & D FLIOHT I/ / / / / / / , / / • / / / / / / ,

NOTES:

I.

UNIFIED S-SAND SYST84

C.-'DMO _"RADAR _"l AN_I_DE l

. RENDEZVOUS RAOAN

_ LUNARBUR[ACE. , - ,

I OF LUNAR SURFA_ _NOINO .DAN

," .' . . . /_. /_/k.ReNo'/ .v_G/ //..,.,,NOET,ON_.,, ,-/

RENDEZVOUS RADAR TMO R-lAND X-RAND DIRECTIONAL

X-DAND X-BAND

THE MINIMUN MOBO INTELLIGIBILITY SHALL fie
_0_ FOR NORMAL VOICE COMMUNICATIONS AND

70_ FOB BkCK-UP C014qoNICATIONS AS MEASURED
BY USER PERSONIEL UNDER SIMULATED OffiERATINO
CONDITIONS UTILIZIRD THE ANEDICAR STANDARD

METHOD FOR M_ASUREMENT OF MOUOSYLLARiC MORO
INTELLIGIBILITY DATED MAY 2S, I_O,

• SEE TABLE S.S-AN FOR RE_/IREMEDTI

/ :• j, _DINO OIFFEDS DON THAT USED DY CEM MO LkUGCE VEDICLI[/

• THREE-TONE RANGE CONE AND CARRIER CUNENEMT THUN-IJ_

_}(¢b} VELOCITY I/q, ON I fpI
• ACCURACY: I RANg[ I_ OR 20 feetMA TRANEMIT

EM RECEIVE ANGLE EIr bill

_r randm
• RLED USED FOIl TRACKION OF TMAOKING AID ON LUNAR SURFACE

• SEE "TNOCKIH OF C_il"

oACCURACY, I_} RAIHiEVELOCITYI_ORISMIsflit fp'ONE R-lARD X-IANO DIRECTIONAL CV ANO mlCU TRANEMIT

$. THE TELEMETRY SUNOYSTEMS SNALL It

CONPATIIL[ MITH THE INTER lANCE
INOTRUMEMTATION GRONP STARONIOS {IRIG
O0¢UNEMT NO. ION-no "TELIENETRY STANDARDS

DEVISED IROZ*) APPEOPEIATE TO THE
RESPECTIVE TELENETET SUnoYETEMS.

§. THE TELEMETET SUBSYSTEM SHALL RE DESIDUED

TO PNOViD_ AN ERROR RATE NOT EXCEEDIN! _4E
BIT IN iow BITS FOil poN TFt EMETRY THAN$-
MISSIONS TO THE _ AS MUASURED FNOM LEM

ENCODENTO CEM RECORDER,

LEDEMD

slelee

E_lJ IEMEDTIFUUET I ON

_INO

THIS LUilAN
FLIGHT MISSION

THE TELEMETRY SUBSYSTEM SHALL RE DESIGNED

TO PROVIDE All ERROR BATE NOT EXCEEDING ONE
BIT II I0111T$ FOR _ TELENETET TRANS-
MISSIONS TO STATIONS OF THE MSFN AS NEASURED
FRUN LEM ENOONEMTO MSFD DECODER.

q. 11118 PEM TELEMETRY SUNOYSTFM SUALL
DE CAPABLE OF THANEMITTINO THE PON liT
STHEAN BEgUIlED fno REAL-TIME USE VIA
COAXIAL CABLE TO THE CHECKOUT FACILITY

ID THE NILA ANIOG TO LIFT-OFF ANO VIA AN IF

LING AFTER _R a_l_.

NO MORE THAH ONE CORRECT li[_ME SHALL BE

IEJ[¢TED PER InoO COB.I.fl[_T N[MAN[S AHD THAT
NO MUGE THNI ME PER iO I IRCUIINOCT MEEDANE$

_L BE ACCEPTED.

NO_/I RED RE_OI RED

nOT,,.,,ED ,.,RED
RE_I/I RED UE_I/I RED

NOT NOT _REQUIRED REQUIRED

TABLE I. S - qA
APOLLO - ILtTmli
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Apollo Saturn Missions 504 and 505

1.0 Scope This appendix to the Apollo Program Specification identi-

fies the performance, design and test requirements which apply

to the Program elements to be utilized for Apollo Saturn Mission 504

(AS-504) and for Apollo Saturn Mission 505 (AS-505). These requirements

are presented in this appendix as deviations to the requirements speci-

fied in the body of the specification. Unless otherwise noted, the para-

graphs in this appendix replace in their entirety the identically numbered

paragraphs in the body of the specification.

I I _1.',_1_,_, No _h_._ (i)

1.2 Ghange Approval No change.

2.0 Applicable Documents No change.

3.0 Requirements

3.1 Performance No change.

3.2 Program Standards No change.

3.3 Saturn IB Launch Vehicle N/A.

(1) The phrase "no change" is used after a section heading throughout

this appendix to mean that the requirement in the body of the specification

applies to this mission without change•
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3.4 Saturn V Launch Vehicle

Appendix 10

3.4.1.2

3.4.1.3

3.4.1.4

3.4.1.5

3.4.1.6

3.4.1 General No change except that the launch vehicle control

weights shall be as specified for AS-504 and for AS-505 in

Table 10.1-2, Appendix 10.1.

3.4.1.1 Payload No change except that the payload capability shall

be as specified for AS-504 and AS-505 in Table 10.1-2,

,1.

Standby Time No change.

Prelaunch Checkout No change.

In-Flight Performance Evaluation No change.

Emergency Detection Subsystem (EDS) No change.

Instrumentation Add: "The instrumentation subsystem shall

be designed so that, where practical, the components of the

subsystem not required for operational flights are removable. "

3.4.1.7 Command Destruct No change.

3.4.1.8 Electrical Power No change.

3.4.1.9 Attitude Control No change.

3.4.2 Structure No change.

3.4.3 Propulsion No change.

3.4.4 Guidance, Navigation and Control No change.

3.4.5

3.4.5.1

3.4.5.2

3.4.5.3

Saturn V Launch Vehicle Communications and Tracking

General No change.

Functional Capability

Coverage Capability

No change.

No change.
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3.4.5.4 Performance No change except the Saturn V Communication

and Tracking System shall meet the requirements specified

in Table 3.4-1 (504/505) of this appendix.

3.5 Spacecraft

3.5.1 General No change except the spacecraft control weights shall

be as specified for AS-504 and AS-505 in Table 10.1-4, Appen-

dix 10.1. The LEM shall be capable of accommodating the temperature

of lunar day as given in 5.7 of M-DE 8020.008B.

3.5.2 Command and Service Modules No change.

3.5.3 Lunar Excursion Module No change.

3.5.4 Launch Escape System No change.

3.5.5 Adapter No change.

3.5.6 Extravehicular Mobility Unit No change.

3.5.7 Scientific Payload No change.

3.5.8 Flight Crew Training Equipment No change.

3.6 Launch Area The requirements of this section, which are identi-

fied with LC 39 and the Direct Launch Support Facilities, are

applicable without change. All other requirements of this section are

not applicable.
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3.7 Manned Space Flight Network No change,

3.8 Mission Control Center No change.

4.0 Quality Assurance No change.

U.S. GOVERNMENT pRINTING OFFICE: 1966 O- Z09-774
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STAGE

SUBSYSTEM

S-IC

TELEMETRY

APPENDIX 504/505

TABLE 3. 4- I

SATURN V LAUNCH VEHICLE COMMUNICATIONS AND TRACKI NG REQU IREMENTS

APOLLO- SATURN 504/505

COMMAND DESTRUCT

TRACKING

EQUIPMENT

IMPLEMENTATION

PONJFM TELEMETER

FM/EM TELEMETER

NUMBE_R

OF UNITS

ONE

me

/ / / / 6]'
PAMIEMIFN TELEMETER / //tWO / /

/ / . .

/ / " /e /

-/SSIFy TEL_ETER/ ,/_ /

RECEIVER AND UECOOER TWO

ODOP TRANSPONDER 8: ONE

OPERATING FREQUENCY

TRANSMIT RECEIVE

225-260 14¢

225-260 Mc

, ,///225-260 Mc
/ /

/ /

qoo-qso M¢

UflF U_F

ANTENNA SUBSYSTEM

O_vMI-DI REOTI ORAL

SEE ]OTE S

/,,E',,#,/,

OMNI-DI REOTIOflAL

FIXED DIRECTIONAL

MODULATION CHARACTERISTICS

PON/EM

mlm

"///:J,///,

S-II

TELEMETRY

COMMAND DESTRUCT

S- IVB
TELEMETRY

COMMAND DESTRUCT

INSTRUMENT UN IT

TELEMETRY

PCM/EM TELEMETER ORE

EMIFM TELEMETER

/ / / 6/

PAM/FM/EM TELEMETER/

A /+/EM TELEMETER /

RECEIVER AND DECODER

PEM/FM TELEMETER

/.o."/

/ OR,_/
TWO

ONE

,_. PkM/m/FN TELEMETER _,
_. X I%+ A /\

RECEIVER AHD DECODER TWO

225-2NG MC ONHI-OIRECTIONAL PCM/EM

225-260 Mc

225-260 Mc_

225-260 Nc /

P / /

MR0-US0 Nc

225-260 Mc

X 22s_+0 _X/

_F v
225-260 Nc /

NA,,\
_5-2G;.o,

+%. +%

SEE NOTE 5

NOTE. B//

/AEE _E S/X

EMNI-DIRECTIONAL

OMNI-DIRECTIONAL

EM/FM

///,.,?,:///
///", "///

P_I EM

"" '
_'_SEE'_TE H_ _+ PI_4/EM,_4 _ X

A +% s%` .,'% /\/'% /'%, I"'_ A X _,_ /•

HOO-qBo N¢ ONNI-DIREOTIONAL
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REMARKS

• SEE ROTES I, 2 AND 3

• PEM BIT RATE SHALL BE 72 KILOBITS/SECOND

• SEE NOTES I AND q

• PEM/EM/EM MOOQLATIOH UTILIZED DURING l I 0 FLIORT pROGRAJ_

,',,E'"NOTES I AND

/ J /
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• Tills BYSTSM SHALL BE COMPATIBLE WITH RANGE SAFETY CEMIgINO

TRANEMITTEES INSTALLED AT GTATIONS OF THE ETR

1_141EM TELEMETER O

ONE

ONE

225-2S0 Mc

S-BAND

ONNI-DIRECTIONAL

FIXED DIRECTIONAL
VARIABLE GEAI_IOTH

HULTIPLEXED WITH OUTPUT

PCM/FM

PC_IFM

X"X/Vv £X Xx/-.Z-.Z-,X"
• SEE MOTES I, 2 AND 3

• PON BIT RATE SHALL BE 72 KILOBITSISECONo

• SEE NOTES I ANON

• PAM/FM/EM MODULATION UTILIZED DURING R A D FLIGH'.I" PROGRAM

/ /I / I I I I I

,,',H////////
• THIS SYSTEM SHALL BE COMPATIBLE WITH RANGE SAFETY COMMAND

TRANSMITTERS INSTALLED AT STATIONS OF THE ETR

• SEE NOTES I, Z AND 8

• PCM BIT RATE SUALL BE 72 KILOOITS/SECORO

/x/x Z,,• SEEUOTES'AU_'_/X'('N_ M'X'_
"_./ V"/ k• SEENGTESIAMP;M N X.,X.X.X_
• SEE NOTE
,'%, /

• THIS SYSTEM SHALL BE COMPATIBLE WITH RANGE SAFETY COMMAND

TRANSMITTERS INSTALLED AT STATIORS OF THE ETR

• SEE NOTES I, 2 AND S

• PON BIT RATE SHALL RE 72 KILOBITS/SEOORO

• THE TELEMETRY SHALL CONTAIN ALL 5-1VR/IU MISSIOHICONTROL gAT,I
g

• SEE NOTES I AND 2

• PCN OIT RATE SHALL BE 72 KILOIITOISECOMO

• _'IrG_NJTB 11 O_M_IIT ITOEJ_I AI 11 I_VBFP_IROllELI_EI

EM/EM TELEMETER ONE 225-260 Nc OF IU VHF PCMIEM TELEMETEI FN/EM • SEE NOTES I AND q

" + + ...... " ++ % '*--225-2HO 14c/ I_LTIPLEXEO WITH OU_I_T "" _ _ _'_ ". "- X _'_ _ i_ SEE NOTES I ANDPAM/FN/FM TELENETER PkMIFN/FM
P'_ .++\ . % ] _. . ,,_ /% .,_ +%

• THIS SYSTEM SHALL PROVIDE TELEMETRY TRANSMISSIOR, UP-DATA

MULTIPLEXEO WITH RECEPTION kHO TRACKING ASSISTANCE TO THE NSFR

COMMAND AND COMMUNICATION ONE S-BAMD OUTPUT OF IO S-BAND PCMIPMIPM • UTILIZES SAME OPERATING FBEOUENCIES AS THE LEM USO SYSTEM

SYSTEM (COS) PEM/FM TELEMETER • SEE HOTE Z

• THE CCS TRAHSMITS THE SAME RIT STREAM AS THE S-lUG YNF
PCHIFMTELEHETEB AT A DIT RATE OF 7Z KILOfllTS!SECOMD

W,_ m m _ m m _ _ m _ _ _ PSK/EM/PM • HO MORE THAN ONE CORRECT MESSAGE SHALL BE REJECTED PER
I000 CORRECT MESSAGES AHD RO MORE THAN ONE PER I0 o5-RAND

m

S-BAND

SUDCOOED S-BIT NGRDS

AT IOOO BITS/SECOND

TRACKING AID ccs 5-SANO PM

C-BAND • UTILIZES COOINH DIFFERENT FROM C-BAND
RADAR TRAMSPONDER ONE C-BARD C-SAND EMNJ-nIRECTIORkL PULSE RADAR TRAMSPONDERSON SPACECRAFT

AZUSA TRANSPONDER ONE C-HAMD C-BAND OI4NllDIRECTIDUAL FN

INCORRECT MESSAGES SHALL BE ACCEPTED

"_T R_'r_E D'_EN'_ LL='_ "i'_l_ i O"_P '_
2qO:2ZI TO THE RECEIVED FREOUERCV

• COtlERENT TURN-AROUND CARRIER
• COHEREHT TURN/AROUND RANGE CODE

S/liCe

NOTES:

I. THIS TELEMETRY SUBSYSTEM SHALL DE

COMPATIBLE WITH THE INTER RANGE
INSTREMENTATIDU GROUP STANDARDS

(IRIG DOCUMENT RO. IOH-DU "TELEMETRY
STAMGABO_REVISED IH62").

2. ALL PION TELEMETRY SUBSYSTEMS SHALL BE DESIGNED
TO PROVIDE AN ERROR RATE NOT EXCEEDING ONE
IN iO_ BITS FOR TRANSMISSIONS TO THE NSFN AS

MiE&$UItEO FREM LAUNCH VEHICLE ERCOOER TO EARTH-
OASES DEOODER.

NOT PRESENTLY SCHEDULED; HOWEVER,

PROVISIONS TO CARRY THIS TELEMETER

SRALL BE INCORPORATED ON kS-SOq

AND A_05.

3. THIS _/FM TELEMETRY SUBSYSTEM SHALL TRANSMIT

THE _ BIT STREAM REQUIRED FOH REAL-TIME
USE VIA COAXIAL CABLE TO THE CHECKOUT
FACILI'IX IR THE MiLk PRIOR TO LIFT-OFF
AND VIA AN RF LINK PRIOR TO AND AFTER LIFT-OFF.

THIS TELEMETRY SUBSYSTEM SHALL TRANSMIT

DATA BEQUIREO ONLY FOR POST-MISSION
ANALYSIS VIA AN RF LINK,

8. POSSIBILITY OF REQUIREMENTS
BEING FULFILLED BY THE COS.

UP TO N VHF STAGE TELEMETERS SHALL SE

MULTIPLEXED ON A COI440N ANTEMIA SUB-

SYSTEM. MIEN MORE THAN H VNf" STAGE

TELEMETERS ARE CARRIEO, A SECOND
OMNI-DIRECTIONAL ANTENNA SUBSYSTEM

SHALL BE PROVIDED.

THESE TELEMETERS SH&LL BE REMOVABLE

ON AS-50q AND AS--505,

LEGEND

EQUIPMENT/FUNCTION

THIS LUNAR

FLIGHT MISSION

REQUIRED REQUIRED

REQUIRED NOT
REQUIRED

NOT

REQUIRED

NOT

REQUIRED

COOING

REQUIREDMOT

REQUIRED
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